Zirconi a Containine Support Mterial for Catalysts
Claimof Priority [0001] This application clains the
wheoshstionf U.S. Provisional Application No. PCT/US2004/039039

60/ 531, 486, filed Decenber 19, 2003, which is hereby

i ncorporated by reference. Field of the Invention

[ 0002] The present invention relates to catal ysts,

nmet hods of naking the catal ysts, and nethods of making
al kenyl al kanoates. More particularly, the invention
relates to nethods of meking vinyl acetate. Background
of the Invention [0003] Certain aI kenyl al kanoat es,
such as vZirgeniaContaining\Suppont Mateviahfont Catabyststi cal s i n
hi gh demand in their nononer form For exanpl e, VAis
used to make pol yvi nyClaivesfRriority\VAc), which is used

oo SR SR 0o A2 SO b s,

filed DB 10y Lo, %R‘B'ls LM hcopbhivdd Qﬂzereﬂei'é?ﬁé acetate
(EVA), Vvinyl acetate ethylene (VAE), polyvinyl butyra

(PVB), ethylene vinyl alcohol (EVC]—|), pol yvi nyl for mal
(PVF), and vinyl chloride-vinyl acetate copol yner.
PVOH is typically uslﬁeidfotflthdmvbhhas filnms, adhesives,

phot osensi t.i ve coatin w.re and bI e
[0002] ngﬁ?ﬁaqusw IByenEnn BRipgle %‘gaiYsrs gsﬁé ﬁ?laaspg rb@r?at {sppnd
method@@pﬁlhlﬁ% LBy hRbnydtay IMGHR! 9&1ch: y' Y l.mgﬁt% Bates to methods of
copoly I ncl ude coatlng pai nt's esi ves
making oirfykacetatpl oy VAE havi ng VA in some proportion. VAE,

whi ch contains nore than 50 percent VA, is primarily
used as cenent additives, paints, and adhesives. PVB

is mainly used f I 1 nat ed screens,
OB3a ﬁﬁn Wﬁlel Ventidh

coatings, and inks. I'S use for barrier filns and
[0003] endierteinralleyylakanoeics,. suéh/ﬁ vipylusetdie(¥A)yire eoramadity clemacals in

high e B ERBRIFY 181 G5 PR, el PP PO PP ap et

(PV Ac)! WBicH &R cb@moNy tbSadtREi9Es, aRsbc¥ihtp fd?‘ltl&‘[gb 99rtio§ of VA use.
frequently done on a relatively |arge sca

€. 9.
Other ug® f@d@Amluded ppbwmyd) rlcoinyl €PBOH) yahylenciting alceta@e(EyésaJ anyl
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formal VI8 vidd] @El@ﬁ§e—9fh9ﬁéc‘eta@é’k§%61ﬁr§b‘r apyeiH ﬁ'%ﬂﬁ@éliyﬁfsé&fdr Gxtiles,

can have a significant econom ¢ i npact on the cost of
films, adlesivps, eud phqtmns;ﬂva/matlpgs) O&]ms\endywire andhéahledgsiiation dfsasmploy
EVA in's6R2 r})‘fo%%rtgo%r l\gle% &r z?pp?lcé{lons ok v%yl chﬁnﬁg-vmyh léc%?a & E(?p%lymer include

coatings, paints, and adhesives often employ VAE having VA in some proportion. VAE, which

contains more than 50 percent VA, is primarily used as cement additives, paints, and adhesives.
PVB is mainly used for under layer in laminated screens, coatings, and inks. EVOH is used for
barrier films and engineering polymers. PVF is used for wire enamel and magnetic tape.

[0004] Because VA is the basis for so many commercially significant materials and products,
the demand for VA is large, and VA production is frequently done on a relatively large scale, e.g.
50,000 metric tons or more per year. This large scale production means that significant

economies of scale are possible and relatively subtle changes in the process, process conditions



exanpl e, in making VA, a w dely used techni que
i ncl udes a catal yzed gas phase reaction of ethylene
wowdok/oeaet i ¢ aci d and oxygen, as seen in the fptT/o82004039039

reaction: CH + CELCOOH + 0.5 OCH COOCH=CH, + HO 2 4
32 . 322 Several side reactions may take pl ace,
i ncl udi ng, such as, the formation of CO2. The results
of this reaction are discussed in terns of the
space-tine yield (STY) of the reaction system where
the STY is the grans of VA produced per liter of
catal yst per hour of reaction tinme (g/l*h). [0006] The |

or catalyst plgrsadterissins efn hae a sigaificrripeprpanaiciimpadt o dhecenst plethe production of

VA varied within wide limts. Typically, the starting

" material feed includes 30-70% et hyl ene, 10-30% acetic

[0005] aciMarnecihigiednegenrepdited fop @tk productibs of hlkenyl dikahdutést For
materials such as CO2, nitrogen, nethane, ethane,

exampleg impaking VA govidghydrsed teplninuminciudes peatalygog sagplase &gaction of
on.feed. conposition s th X . 1N the

ethylongPich GEGHc "SRR ehlgeh, pisth R BF KT pE By,

CH, stfcg €0l | ew puchh that tQe SCHE@MOCH SR de- t g0
firanmmability zone. Thé oxygen level in the effluent §sSeveral
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reaction?l_zﬁg HﬁEus@é%ﬁl%nﬁMtﬁe %ﬁ%&@fﬁn@'yiéw(sm §tfthd #48&ton dyQBRA7 Where the

n
gas phase reaction has been carried out whére a
STY is fhequlamn$ of VA msoduced per litetaficktalyst pes hpuisefachactivr timer(g/1*h).

thrqugh fixed b reactors. .Successful result.s have .
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essures o - at nospheres are typical.
oxygen\Wih¢ éeetl mesyalswyintledsinbid vetqiatssudie ds €0equtegenyinegthdse, ethane,

th t] b d f d .0d [ f .
propane‘a?re_g'rg?l 3%%{ éaluq?ﬁs.g & pr}elgqa}'ggees ct@g\rog[f?eéﬂ %f%%)é)ﬁl{ﬁl%}lgc I %)ngoen level in
the efﬂtfeﬁ?gtgééni‘éﬁtiﬁ%‘ﬂk PELcRY: RAMCRd QIFFicioNB IBRANBIAEAL 1he stréam is outside the

I nprove catalyst characteristics, particularly as to )
flammabitizy sw@iee dihiewixygendentl oy tha efflugnt iy affectediby thgtoalygestlevel in the starting

. Anot her, approach is nmodify reaction.conditions, ...
materia( it 0GRV raier gt B EPehampRIEE ity SF ALk Bapria n the
effluentt he O2 conversion of the reaction, the space velocity

of the starting material feed, and operating o
[0007] t erfidwrzas phass reaqtiophasdoen eayTipd 0OWOYheTh 2 foed of e staating matepials is
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of reactRAtERPératResdh thdy@n@s dTy1185eC €Pr0EC! wHilé RattigRssstifes 60115
Decreasing the CO2 selectivity permts a | arger anount

atmosplafresge igpicalni t vol unme and unit time in existing

[0008] p! %ﬁé {Hess snys{e%tseflia\r}é Br%vf?cllleh agéqrﬁg{e yrleﬁ&ls(f Eﬂe%]co%?lﬂgést tjo 3% need for

reduced production of by-products, higher rates of VA output, and lower energy use during

production. One approach is to improve catalyst characteristics, particularly as to CO, selectivity
and/or activity of the catalyst. Another approach is to modify reaction conditions, such as the
ratio of starting materials to each other, the O, conversion of the reaction, the space velocity (SV)

of the starting material feed, and operating temperatures and pressures.



[0010] VA output of a particular reaction systemis
af fected by several other factors including the
wa@easwetly7 of the catal yst, the ratio of startiPgr/us2004/039039
materials to each other, the O2 conversion of the
reacti on, the space velocity (SV) of the starting
materi al feed, and operating tenperatures and
pressures. All these factors cooperate to determ ne
the space-tinme yield (STY) of the reaction system
where the STY is discussed in terns of grams of VA
produced per liter of catalyst per hour of reaction
[0009] t i The formgtibi bf CDYGlchE afienewhich ymaydetrediicky thrsugh the use of

. ignjficant factor .i.n determnin he STY, but other
lmpm"e;éig*@b’ns@ ﬁ’é’? Qs %efec’iﬁ‘é‘%‘s eﬂeécﬁf"iagg aﬁthe ie%iflafé‘? copverisd that goes to
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time in §x@0ihg jplafts eCer2retmmingalt other resctmneaditions. of how nmuch

oxygen reacts in the presence of the catalyst. The O2
10010} ¢ %e?%tpwf@aaa@q e RS Qlﬁgﬁﬁﬁﬁﬁevgﬁ ﬂﬂ%gﬁtoiffhe
including YVREiS P B R oBraBR Bledhtioy oﬁéta\rﬂﬁ? m#eristth 8adiERRdr @8 O,

enperature. However, the anount of CO produced al so

conversion of tegeactiahothg spece Melbtity (OF) of thesstatingimat®niabfeed, rad GRerating

empers S QP 58 P o B e B i vio s
of the re8@& oAl YSbmMvhBreah 5 BYY di@&kéeéd: ih YerfR ¥ granltadt VA roiiesdper liter of

reaction fen‘pe(ature can b ower ed while maintaining
catalyst p¢rehoynpbreactiondimeergldn. Al ternatively, a catal yst

ou11) ¢ FeftalfyAeRing aetep AptiheioEinsr e s Tap gupother factors
may stilMhve "éisIgYﬁﬁc{aﬁpﬁx%]alcﬂ dn thé STYTMBRidallRithé RicAbMEE ﬁctatﬁm?' oP¥ catalyst,

~one or nore catalytic conponents carried on
the higherdhe Bl Vethy catakysttis sblppoprodusgt erial . I n the case of VA

catal ysts, the catalytic conponents are tyvpigally a
00121 565 B3 Gvoripn it Pl OHama Ly BBt b e Griegee of the
catalyst.t THOOY B&i¥iersidirafelip Rpierdiie @epetiderit sabh tHahthe 6hve@dibn rate generally
catal ysts"), just on 'the surface of the support

climbs witlt the ireaction teneperatarat Hoysver; the ameynt ofdfQupraduded|alsodhcreases

along w@gﬁg%&ﬁcoﬁé&{ghg B‘g}(;%, ?l%?é%‘ntg?rs%%tég%Xiéﬁqg)tedqg g%vré thelg Jesired VA

output beldheddyaghinis) the @Rdddt SOV RtRiced.f ARRRfst Withahigher SA4VRY iteans
mat eri al s have been sut%%gst ed for use in VA catal yst

that the oezallixprefiprsiemperature ean henpwernse avhilie maigtaining e seme O2 conversion.
A e R o N

stig ererices

temperafiied &id $phse éscitbeen done. For the nost part, only
silica and al um na have actually been comerci al i zed
[0013] asltdsippymimen Hiat 6ptplypls employ PEP oOREreAsFlIfIC COIPRINARIS CyRiedpn a

relativelg?l{e?é s?xpf)&rt m\é'taéncaﬂt ]%l e j:a%e 'o? Vﬁaéata%itslf me%galygf%l c%mp%gérﬁ‘y are
typically a mixture of metals that may be distributed uniformly throughout the support material
(“all through-out catalysts™), just on the surface of the support material (“shell catalysts™), just
below a shell of support material (“egg white catalysts™) or in the core of the support material

(“egg yolk catalysts™).



catal ysts provi de adequate CO2 selectivity and
activity, but there continues to be a need for
WO pgsoyad7 cat al ysts given the econoni es of scaP@r/ukmn4/039039

are possible in the production of VA [0016] One

process for maki-ng Pd/ Au catal ysts typically includes

the steps of inpregnating the support w th aqueous

sol utions of water-soluble salts of palladi um and

gol d; reacting the inpregnated water-soluble salts

with an appropriate al kaline conpound e.g., sodium

hydroxi de, to precipitate (often called fixing) the
[0014] neNamkions diffaramnttgessf suppert niatrialsutave bearggestisl forugg.in VA

f he hydroxi des; shi the fixed.suppor.t terial. to
catalyst GRS ey m%@%gaﬁ@% et AP o aside Brigies. But
very littl6 RivabiystioR bf AR RGEAIRE by BPIhE @MSportmaterifls hay bédd done. For the

reduci ng the water 1nsoluble conpounds with a typical

most part,evhlicsihica ansiadiming hhyeiacougdiy bewt ¢opimereiabizedasiuppirhaateriple.
00151 Sofinafrdlebutanesongs petslIp Sacsuatiry s BVRBHE 3y Bl pavau

talystddStide RIQELS THANRRER LridUOEAS) Bk thérelcoRtai¥h kEbe 4 ficed for
catalys %?S.l ?:’atéealnt I\Io@ 5, 890, 344, it%fs su%geist ed that

improvedicatalysis igiyenfthe ¢nonpaids aflseatn that annplesstbikiartheproductioneof VA

reduction to its. f metal form.Iln U.S .Pa J .
00161 5”53 pis3e r mipe LEPuE s e Doy BlsRRRs Phropnating
the suppBrtfl dgREbE LAtRhEIBEWREF-1@d1¢ Sltsofpalewnah 6@ gyidf Radidighhe

pal | adi um and salts m ght be advantageous. In

ol d ) _
impregnoed ayagr 33blg aa?ts with g gpriopuate Akeling qompovad g isediumtydroxide,

om0 B 2SR SR e P
hydroxié}\%?ﬁ%shilggﬂe FREY Sipport MG eret®ve 10Gik8d compdinds aftbtostherwise

, 652, it is suggested that salts of palladium
cleanse thegaighsofianzpotentialppinons ¢ie- chlprde; axducigdhewater ipspluble

d [ubl.e,i ] j i
compouficw Y o o AR, RS thale B HUGABR n
alkali mbtafeonfRfuBa sudioas pbidfidmiz Jodiimercetaee of hal i deand

sul fur-free salts and conpl exes of pall adi um soluble .
[0017] | n Variewbwedifigatians dathiphagicinsocsss krye baen shgeesked. tKpregsmple, in

us. PRl 8 SRR Tt i e By i Aah e idrshon after the

reductiofl @6 3t6l re@ aiRad . [1h QLS SBatetn Bloes, 00 823) itevugh eyl thatiplooring the
material differs fromthe outer |ayer support
support jrat Be1-keducing gimesphere afirampregpadian Wigh beth g?%@@ and gold salts
. h . : - .
wigh s 40" B AP PI EALBLAE YUl haion, b
before iR dirahigs tthe tatalyhiengyrieduetdated bgfsuaekstve/eatihg anmadiemg, inert, and
[ 0020] Taken together, the inventors have recognized
reducing gfgnospffieSssed t he need for conti nued

[0018] In U.S. Patent No. 5,466,652, it is suggested that salts of palladium and gold that are
hydroxyl-, halide- and barium-free and soluble in acetic acid may be useful to impregnate the

support material. A similar suggestion is made in U.S. Patent No. 4,902,823, i.e. use of halide-
and sulfur-free salts and complexes of palladium soluble in unsubstituted carboxylic acids having

two to ten carbons.



i nprovenents in the field of VA catalysts to provide
i nproved VA production at |ower costs. Summary of the
wo poosfasilon [ 0021] The present invention addr eSBEBUSL004/039039
| east four different aspects relating to catalyst
structure, nethods of making those catal ysts and
nmet hods of using those catal ysts for making al kenyl
al kanoat es. Separately or together in conbination, the
various aspects of the invention are directed at
i mproving the production of alkenyl alkanoates and VA
in particular, including reduction of by-products and
[0019] | NMAMOYERLtE: OUL 61486)376fit supigestalthat/a lﬁyersd caslpstahaydfe usbdin a
present invention pertains to a uni pal_| adj um 1
dehydrog@aatemymcm wiersthemapslayer supporigR3 Plllaa differs fiquyhe OHT layer
cl.ud t
support A SEn {5 UK PAes RS, 58558 femedy SECAIT o8 PR may
useful astdeat catystn md neither shwselﬁb e P myerednatelysm lin thiegpredugtien of
| ayer of the support material is substantially free of
alkenyl allkangptgs.i ¢ conponents. A third aspect pertains to a
Y | | ofitinued
00201 £ K ANRE, e ALK Ol Bbfaind sl (e KD TOoR
improvein@nt i thel frett mﬁW Achrlysattapysidedmppryved 34 productianwitlowsy costs.
produced from substantially chloride free catal ytic
conmponents. Detail ed Description [0022] Catalysts
[0023] For presentgpihp (ﬁ“:thei‘nv%ﬂh@ﬁySt i s any support
material that contains dt |east one catalytic
[0021] COThep@ssnt mvénﬁdmdddress«saap bastfowrfdiffercnt agpéatyredating to catalyst

‘ strﬁcture:, giefﬁ({dg 2*‘ p\é\gﬁnrgﬁg)ssgg éts éué g]pé)g%l %f‘gmgtg?rr?age agy?sltg}s ffgr aking
"alkenyl Qké&ﬁ)ﬁtﬁeg nﬂ}?a{ 1€l Br [YRad1 1n%hﬁllﬁéﬁb§ A Farful aspdic Rl of ﬂiﬁn@én‘aon

rese ention may i ncl ude t hose havi ng, at
are dlredtﬁbattlmpmmythd: pmdﬁctidrmﬁ aﬂ@nﬂtalkanb%t@fe@nd YA in particulen igcdyding

i be a pal | adi um ntan
reductiopyqt Pyagsiagh and BeprourbpRat iR ey st R R o tnepiiien
41 {onélly calcined) that
e o P e o
1nc1udesa‘hoahumbrcanotheﬂ aytel. el seappg espect [Bytaing ¢o @ paliadjun/ g@M qatayst or pre-
oni a

i S SR ST, IR i

substantﬁ’el’l eDPeHallic BEMpERARL Nathirdsdct pditaidsab agallatium/gold catalyst or
ective use of ?he catal yst accordingly should help

pre—catalysporoa/ eir@Dix conlaining ounpprt raateriali fyfowith Bkt pertains to a
t. |
patladiu@glt GHtpR5t g PRI it ol et oR SRUERUAT, cHltiecclchalyti

Componggtg_crl bed in the context of

Detailed Description
[0022] Catalysts
[0023] For present purposes, a catalyst is any support material that contains at least one
catalytic component and that is capable of catalyzing a reaction, whereas a pre-catalyst is any

material that results from any of the catalyst preparation steps discussed herein.



certain illustrative enbodi nents, but nmay be varied in
any of a nunber of aspects depending on the needs of a
w@asosiocubar application. By way of exanple, w PODUS2004/039039

limtation, the catalysts may have the catal ytic
conmponents uniformy distributed throughout the
support material or they may be shell catal ysts where
the catalytic conmponents are found in a relatively
thin shell around a support material core. Egg white
catal ysts may al so be suitable, where the catalytic
conponents reside substantially away fromthe center

[0024] of Cstulysebiid pmtcatalysts. of lﬂggplysﬂnkuﬁ'aﬂitain)mi)smﬁmﬂe ﬁiorse)h:béng at least
sui t abl e. c..Components [ 002

one of thg doligvapg am@t%%lmhy §ﬁt§f/ya hfilbheet pabladiuynsand s9r1<1 gqfaining catalyst
t
that 1nch|H%§ ?ﬁgﬁs’c LA aé‘gﬁbﬁﬁ%g’“,"gﬁh%gﬁeﬁ % glzct)% vﬂ%&% ﬂgﬁ ?hﬁ?f thore of the
catalytic pampbmmltsﬂ[a,ve bban cabitxdn2) the watelfystei ldescairivd andelpyered support, 3)
| east _one from Goup VIPB and at | east. one.from G o
the catalysgwijl pe Garried g a ZEpQTR FORLUIRINETHPPOTLI RIS fhthe a%&nlyﬁfe‘ﬁﬁlpbe

produced §/1tH %ﬁQnHQ P’S ng&bﬁrl(ox% lae aﬂ%ﬂblﬁﬁﬁﬁl olf kil ﬁPJg%in)g @'ff&hﬂ?@se of the

alytic tionally to the catalyst, but "al so
catalyst aonoﬂdux@ys sholkd Iredyt mbhprove GOy actlemvyty,cﬁcugmoelmth@mu@w as

. . sal sol ution, sol-gel, suspensions, colloidal
pertaining {Q YhBIOGHLIOY [ e metal . al oy, or conbinations

[0025] ! hﬁ gﬁ@fld bﬁ ﬁﬁfr@(ﬂt@&it}ﬁ?ﬁm@ lee%Eﬁt 1h'5H%1|t191? & d%@&rkb’%ﬁ'lh' feaddtext of

as the ‘catal yt 1 C conponent S
certain 1ldushtativefmnboduhenthé)ut piag by s'amdmlaum efa aumbmnf raanctsmepqéndmg on

v nod B i QURSRER By RS A o o g oy

have the %ﬂfa%kﬂétcbﬁn Sﬂéﬁkotﬁﬁﬁhnlysdlﬁhﬁﬁt%& ﬁﬁb&’gh%ﬁi 186 fsgi)oirtﬁﬁﬁfbﬁl% Ehey may
ﬁ bei ng tthe nost preferred. her preferred

be shell catalysty wbsre|tm¢a¢ai¥hq droynahis ars fpm,d ints relatively @hlmsh@l around a
support Iﬁétnﬁ ceo?é: el':“ l eCttaﬁgsﬁsf rrngg al\/\éhe s%@gegﬁef&hea%aéa%yﬁc components
reside s&@t’iﬁhﬂ@tdﬁﬁ%&ﬁ‘ﬁ&%@ﬁwr 0384t NARHEEIEQYRudt1Eits flay blR6 be

catal yst includes a conbination of catalytic
suitable.conponent s i ncl udi ng proportions of palladium gold,

0026 “ang ngdi%m‘ %ti onally a third catal ytic conponent

{ ](a aa may al so be included in this

[0027] €MRONBRN thd CutdlsBCdQrEatalybis AR HelpRéscRITROHIBR Micludefetals and
or nore catal ytic conponents fromthe above |ist may

partwulabler inotpdeoy eatnbinB®BRAY 2t lvasi iwo axaiatp| 1 pagiculasdhe mrah@aw @f metals

ot AR A AT L
that “cattgl?% cSRAPRRNEds hieedRe kidHifg Beahysl tBattuliddhateBGitoVides Ataitic

_ additi on of Rh does not appear to adversely affect
functionalfyetogthe ratplyst, Wit afspancludes|thesmetairine @optyef|statas ichys &3lt,

solutionit sir:qg-lggl\?lgllls%gxils'i’lo@s, c%?l%ﬂfal £u'§88ls%6’9s,"§ée%é(t§1t, alW Qia!:&gbigﬁions thereof.

Preferred catalysts include palladium and gold as the catalytic components.

[0028] One embodiment of the catalyst includes a combination of catalytic components
having palladium and gold combined with a third catalytic component. The third catalytic
component is preferably selected from Group VIIB, with Rh being the most preferred. Other



t hrough cal ci ning during the catal yst preparation
and/ or through the use of water-soluble halide free
w@e@sosa0T s (bot h di scussed bel ow), al though tPeFESZEN€039039

not necessary to observe the Rh effect. [0031] The

atomc ratio of the third catalytic conponent to

pal | adi um may be in the range of about 0.005 to about

1.0, nore preferably about 0.01 to about 1.0. In one

enbodi nent, the catal yst contains between about 0.01

and about 5.0 g of the third catal ytic conponent per

liter of catalyst. [0032] Another preferred enbodi nent
preferredofatdlysts inalhdt fhobe wherk thebabird ettalytio caropertent istseleetod fromI W, Ni, Nb

r 1 0 . PG 0 0 G Sl i ™ ©

[0029] P r&ﬁcﬁﬁa@nifbofdpﬂéﬂt 3P@Y athfYst 19c1§9c%ui cola%ﬁnéﬁon 6rRaasMc edmponents

wel ght of palladium” [0033] In one enbodi nént for
mcludmgpm)pm(ﬂlonabﬁlbéyﬂsﬂmm poldt zmdl?ﬁodltlmm Qpticatllys thiwl catadyticabmponent

(s listed AP apCelso et B T Eroganobie blege ALt 1 nfifance
embodlrﬂe,liiiE t@S ok Ydotré/ caﬁil?'h%p%%ﬁ§ froMi thy abcﬁ%ﬂis@iﬂ&? Bt eRbldyediher

Au/ V\Elgt or atomic ratios tends to favor nore
[0030] acIlnl one example mdladivt and golt mby ¢ somished with Rh to form a catalyst that

shows gD EURRE Wikl S0o BB Stk B vty
that lackQ&t | Alisd,Yh BRftich Sa1Ad0ES hotMppBardo dbdr&elPhfath Blétachvi®y of the
he ‘effect of the hl?h Au/ atomc ratio on ground

catalyst. snppce@;: sehesetiwity af thnayl adivgn, godd, ek satabyist mayHse heinygeved

rel ati.ve hj excess of .hydroxide ion
trough i G i st P Eacanal S PioRot Pl soute hatice
free prec@fs@Bothatfiuysel bEBW),Mthensh hERIRe hbtthebetbal ¥s dserve the Rh effect.
conponents are contacted to the support material -

[0031] f oThecmemlmtla of the third entelytic qompopentith phldadiym @na(yebegn thwange of

sbout 0.5 S 5hAR. A et Bo-PB RS HEID, B Sa Bl e
catalyst M&lwéén A5B1Er.0 PAnddsubRe g ofaieRd chtalysit ﬁel Fd’;&ﬂﬁﬁdr liter of

For shell catalysts, the thickness of the s
Cambmtcatalytlc conponents on the support materi al ranges

[0032] | nggrol?‘%%%ﬁeﬁrmmﬁ?d@% fttg SuedIVRy LR B Br&{egxg@gr]%ﬁ?@%&t 10

grams ot?gian@dlﬁm Mad folud.S td Bb361 0 Afanisitigo Rl Rl litdr bf OAtElysts (The tmount of
of the-invention, the catalytlc conponents of the

gold is prsferalelpytramm oleut il O i @@ﬁblr?a‘i Wi, Yakaped oethe aveight gf pajlagium.
[0033] S U%Jllp Sl(rﬁteemr{)a fh%engkor n%l C l! glstéu H% I)? %?rﬁg &a@o? Pg%ﬁzb‘f ‘%Ju}/ 0.5

erl stan

and about d Q)(Dtrhﬁyyb Ofreferratl XergT@rﬂfcamWs%[ IThleSitonfidé eﬁtﬁi dan belagjusted to
port materials are typically inert in the reactian

balance ttbg @ﬁthlbfeqnfid}leecw% diiplermentiod hughgpufd weight or atomic ratios

tends to favor more active, more selective catalysts. Stated alternatively, a catalyst with an

atomic ratio of about 0.6 is less selective for CO,, but also has less activity than a catalyst with a
ratio of about 0.8. The effect of the high Au/Pd atomic ratio on ground support material may
also be enhanced through the use of relatively high excess of hydroxide ion, as discussed below
with respect to the fixing step. A ground catalyst may be one where the catalytic components are

contacted to the support material followed by a reduction in the particle size (e.g. by grinding or
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conposed of any suitable substance preferably sel ected
so that the support naterials have a relatively high
waewosacdaoar ea per unit mass or vol une, such asPEI/psIoUaE39039
structure, a nol ecular sieve structure, a honeyconb
structure, or other suitable structure. For exanple,
the support material may contain silica, alum na,
silica-alumna, titania, zirconia, niobia, silicates,
alum nosilicates, titanates, spinel, silicon carbide,
silicon nitride, carbon, cordierite, steatite,
bentonite, clays, netals, glasses, quartz, pumce,
ball millirg)l drtoas whethe enhliytic compunenis beercontaetedso thersappuat matesial after the
thereof and the |like, Any of the different crystalline
Suppo“f‘tﬂt?ﬂaghastal??@nﬁ"é’f“é?qlé’l%zenay al so be suitable, e.g. al pha
or r
100341 27, FZEHER, e e (ks o PO S Pl i 3O the support
materiahnahgds|feope sbaut Spon to atetefl0glm. Moze ptefaresuranges ireldderfrons gbout 5

jn t resent invention. [0037] The support materi al
pmtoai;wt@ﬂ&u@rm al yst of this invention may be conposed of

[0035] parsqlgg&gmgf%ﬁiwg any of various regular or irregular
shapes, such as spheres, tablets, cylinders, discs,
[0036] r i gsindisstad,d9n one aspetiarf tishiapasion,the caalytio compateatsiodithe present

, . may haye di prensi.o such as di aneter, length or w dth

inventicgyBea s ?t’Wi“Bg_"aJBB‘EBY 3 URpAYt gty SERPleBRRpr Bk pieelly

include thaiHald HaPRE hivsHhasi @NfoRd ifideRG ofh rRiRARE of Rarials. Overall, the
spherical). wll have as 1ts preférred |argest

support dnateriads arp typlicadlly durrt it theweagioatbeing pRriormedii Supghdit tnhaterialsamay be

opnd or, .gowder su rt, . material be suitabl e.such
composgh G g0 el SR PR TG oo Sipport e o
relativeS 1AEEsuMabd arka PLARRE hss ¥k vORINGERIZh 29 2 Bbrolf stFhchire S maRBular sieve
about 1000 m cron, with preferred sizes being between

structurgacwned@mindrughios; tor 306r sniteblostuctuiet Wonosample.dhesuppdrt material

i.zes. bei.ng. bet.ween abouf. 180 .m crons,and..ahout 450 ..
may comif e & L eroF LTS e SEry PBE b i e lutosilcates,
titanatedMBpinecI2§iliBEH VAbidb S KRdn Gt ChitenScobdicRRY stbdtlte DefloARRs clays,

For exanple, for a fluid bed catalyst a preferred size
metals, glapsge, quetiz.couinried, geditas) nevzenditic modecytas siemey cqmbipaiionsthereof and

e ik 350 gl GG AP FURAY R e el afIERF Bl oA PISED: aphe or
gamma bRinifdl PPIGiEA hitDzifoahidl AphiafifONPPSE faferiafSar BRILGSE Preftred. In
" the BET (Brunauer, Emrett, and Teller) nethod, ma

additiony aydiilayer pupporbaeigial arstidiersuitatle fpraselinathe mesgt@énm%@ﬂ-

[0037] gr ?#g{sgl?ﬂ%ol?g%%%l % Oeana/t < 9F bsq#%en%gg mrﬁ%/b%'cong%% Otf Ig)grticles

1
X or ous “stppor 1, € pore-volu

having &lyRiI@aiouegilhedr iffByulSenaies) Ju¥h Besphbfdd] tabletk, &Qind&dUiscd, rings,
m /g, and preferably about 0.4 to about 1,2m/g. An
stars, orpjlgr shapepod Be syppertimpteripd meyhges dimspsienasish es digmetgpdensth or

. ) . : .
T T ML
regular St 8. £ spherfdappatlthan@beits pabfrred R gededikingiOn bf svoubdi ehm to about

8 mm. In addition, a ground or powder support material may be suitable such that the support

material has a regular or irregular shape with a diameter of between about 10 microns and about
1000 micron, with preferred sizes being between about 10 and about 700 microns, with most

preferred sizes being between about 180 microns and about 450 microns. Larger or smaller sizes
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Chem e, Aerolyst350 from Degussa and ot her pyrogenic
or mcroporous-free silicas with a particle size of
w@bwawediom t o about 10 mm [ 0040] Exanpl es of BUi/U8iH0€039039

zirconi a containing support materials include those
from NorPro, Zirconia Sales (America), |Inc., Daichi
Ki genso Kagaku Kogyo, and Magnesi um El ektron Inc
(MEI'). Suitable zirconia support naterials have a w de
range of surface areas fromless than about 5 nR/g to
nore than 300 n2/g. Preferred zirconia support
materi al s have surface areas fromabout 10 n2/g to

may be eoployed] 35wl gs pQydismerte collbaionabfpartylefisives. tHoeiexample, for a fluid

urfaces treated through a calciping step in which the,
bed cataly¥f it Teg e anas I foofude i 4g Lep RS &9 PrRuREEELin
layered bRyt ol sBeGafeSiF 10t0 £HGnRUBRAS %re@@'}e%f' al (e.g.

cal Ci ni ng). is provides a nethod of creating support
[0038] naerface! ascasiay hilabjefor Suppogingfcattytiacempondndd, asraeasundd by the BET

ot her wi se eadi | y avai | abl roms iers.,[004
(Bronau, Eigierh and Sl timsutie npy ety Bifiest Beoutd Tl i tqut 500
m?/g, preRfsbly Mot HRhY/ERRALICR R FeHBRR e, THE E?féeréﬁs;%upﬁglg,g?e pore

with a different characteristic. For exanp
volume pfithe sugpool matamalenayagenclally he abaut 6drib abowti2t hl/gli anfl prefernbly about

0410 A0 35 L Sl 0k b L S5 R 5 ¥ out 00
angstrof@isde¥isdble, Pui dbt Reqieliy ed set of characteristics, i.e.

act|V|tié of a catalyst nay be bal anced agai nst the CO2
[0039] selEaamples pfswitablersilicambntaingtg suppataipterialsinduda®Ad 60rEnm, Sud

cremisEh o BB B R 456G BRSP4 b
particle Bi48BEAboRE 1 dirh te4At 1@RM.0aches, such as a plurality of

lanella that are generally flat, undulated or a
[0040] cokmsamples ofsuitablecotoni@aentpiaingisuppat matspale dmtudeghose from

toutili ccessi vel y, envel opi I s rel ative t.0
Norpro, Ziftbii Shles PAERESDa Gy Dofet BistbioaRashlRaiaed. ] gt
ElektrorB 4R POIET). MMfi@bleadiSohid Bhysiikt! ifatéridd Hel@ aalidk eaizk ofBurkdeB @feas from

| ayer and an outer |ayer at |east partially

less tharg@h)gubﬁl {ertg mave than P m'4y Prefemné zisennas supagd materials have surface

: ref erahl v, cont aj substanti al | re catal ytic
areas 3 S 0 RO STHE: S R s s westea
throughh%@lcirﬂ_iklgiesrtelﬁiﬁdvlﬁbﬁ tHe ViiEduppert thateRidPistleatdd f TRE Bédting reduces the

materials; but the materials may be the sane. Wile

surface arpeof the s¥ppoEystengl e Becatfdhngo ridusprovidaes method ¢if geating support

ol . ' el i r ) Th .
i U365 BBE U b BB PSR o sy
[0041] of IearRfter kmdadiddens tit is BotitethpRtek ay emplbysit s plam@l &mhtihation of

offers a well defined boundary between the areas of

support pggerialspprsh tithe diffegant ehpsactarigtie Berrexpiples atdersb brieshpport
i S AL 1Rk SRl AL By LGN Bl Y8620 o

ons consi ste
selectivilieg elidsgierrhitiéndosrepatation efvdtalyRe with 4 sirell bit @ BEGSctXistick8.e.

activity of a catalyst may be balanced against the CO, selectivity of the catalyst.
[0042] In one embodiment, plural different supports are employed in a layered configuration.
Layering may be achieved in any of a number of different approaches, such as a plurality of

lamella that are generally flat, undulated or a combination thereof. One particular approach is to
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outer layer result in a shell catalyst that is a shel
of catalytic conponents that is of a uniformand known
wao bioskerss. [ 0044] Several techniques are knownCT/082004/039039
creating | ayered support materials includes those
described in U S. Patent Nos. 6,486, 370; 5, 935, 889;
and 5, 200, 382, each of which is incorporated by
reference, hi one enbodinent, the materials of the
inner |ayer are also not substantially penetrated by
liquids, e.g., netals including but not [imted to
al um num titaniumand zirconium Exanples of other
utilize sweatBiveBl chivéloping MeyetsBRLive Ry initidCdrel &xyeh Uh gafid@al)bérein, layered
limted to, alunmina, silica, silica-alumina, titania,
support pategiglsitypically stluge a lqasican ieacr layen ndeseyteidayes gt least partially
surrouncfull% @%n%?l "Irh%lo’ute? dyef fe‘f@d’lg ?alnsc‘ dbsﬁﬁ{‘al{}} thble@F catalytic
erlte stea onite, clays,
componenis ﬁxlaﬁ theghm :tag)sr Iqmetetnboﬁmmnc ghe mﬂed dntdester layers are made of
) non-zeolitic nol ecul ar si eves and .conpbj natjons
differen REFRA: Dupthg maieraleay e Sﬁlageéxﬂ}l ¢ Innetlaggr aaAre 1o porous,
other erdedfﬁ?eﬁs ifithéd an ILQQA%J}E&% dglerials whi ch make up
he 1 nner [ayer e |n variety of forms such as
[0043] r etibé hyéryd slmpﬂdnqtmatl pmfbxablgsesults iregforardfy shélhpatalyst. But the

artlcula.t el | SCS, rings, stars
layered (iRt BiatoRBHAREO AP ﬁdf"ﬁafclﬂé?“"éﬂé{&é 58 dhecaseds ot S ppeg aterial
that hav@@dtilki%‘éﬂ;ﬁmbﬁ’c@ &hid 1R Y¥das it BE RHETAI18 the S\fed 3G can ﬁé’@&}structed
er spherical or not, has an effective amet er
consistenthowith 8 destredthicknead o'DQgelI@r therhoundely pndethe ruaﬁblyn fhickmess of the

about. 0. 04 t out 8 0046] The .0 st .
outer B v Shef] S P e IS CmgRRST s P  bniform and
knownﬂﬁgﬁgg§ has a surface area in the range of about 5
m2/ g to about 300 nR2/g. The material of the outer

[0044] | a§esveral sechniquesadre keevamfar creatinglayene sumtortonateﬂixais awmiudes those

a0 PO SR b o S S AL A

incorporfell by 2df8Snced ITH BhO BSibbdiRRhE the ﬂlét&ﬁiﬂ@&ﬁﬁe i8Rt BSEp are also not
silicon carbide, silicon nitride, carbon, cofdierite,

substantiafly aeetrated ahiqoids: &g siet®jssincluding byt naj liastsddo alyoinym, titanium

and zirei PyeBits Of ABaBREEAS Rk Eph it meliastb R G Al to
alumina,Sfilidag@llicSallm@R Blabit Pideonte Alobla SilicAtd) ak@BhbdiKcates, titanates,
ol ecul ar si eves (NZNB) fitania, zirfconia and

spinel, siicqr parbides Sﬂmanmdsp@cbm eordietitep bteatite.rhenieuite, alays ometals,
ons the

glasses, % rﬁzéplfnﬁlgg ?luth g 9 ez Ol‘[%ty rlneféfnlll%r siCves gﬁi%ognbmgtlonsﬂereoﬁ A

preferredinBert 18ydr iedilioa dnlde&K 140, ixpdrifigir, | ayer, this is not
necessarily the case and a sel ective coating on the

[0045] | nhlkgse mgjasialspyhielhgalse tp the iages daygaipal be enprayasrof forms such as

regularly shaped particulates, irregularly shaped particulates, pellets, discs, rings, stars, wagon

wheels, honeycombs or other shaped bodies. A spherical particulate inner layer is preferred. The
inner layer, whether spherical or not, has an effective diameter of about 0.02 mm to about 10.0
mm and preferably from about 0.04 mm to about 8.0 mm.

[0046] The outermost layer of any multilayer structure is one which is porous, has a surface

area in the range of about 5 m*/g to about 300 m?*/g. The material of the outer layer is a metal,
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[0048] The outer |ayer may be coated on to the
underlying layer in a suitable manner. In one
weniwsadsrment, a slurry of the outer |ayer materP@el/Us®04/039039
enpl oyed. Coating of the inner layer with the slurry
may be acconplished by nmethods such as rolling,
di ppi ng, spraying, wash coating, other slurry coating
t echni ques, conbi nations thereof or the like. One
preferred techni que involves using a fixed or
fluidized bed of inner |ayer particles and spraying
the slurry into the bed to coat the particles evenly.
ceramic, DA@ cSinWidalioBiérddE aal Pk bieferiiRiIRALRGH ¥ sbiBotsdrabin ahivaina] slica,
w th intervening drying, to provide an outer |ayer
silica-alurhize, titenip Zfispyiamphiarsiiiqatest Himinesidisates, titangtes, mrEich silicey
T P 4 t t the. | . . [
carbide, 8 i PuBRE 5aliieh s, AR T Yoty BRALBHES, G,
pumice, 96d1AEY, o Eedlitio mgAsiutar Blenel aid cogditiativhethebfisnd prefetubly include
_ adhesion of the outer l|layer to an underlying |layer, or
alumina,siligg FiHE PHBLRY 290bIETS, n@zéﬁ?breegoléeulﬁnﬁl%veéf%lgﬁséa tHea Zigonia
. el L . e
and il Thortdl? o bharfiEs MO kBRIEE ol Exatumping or combinations
thereof, car boxynet hyl cel | ul ose. The anount of organic bondi ng

agent which is added to the slurry may vary, .such as _, .
[0047] £ r Yrhilerbeiputarieyeardyrically swirounsls grbsinginlly the cg tl3¥sh this is not
- s el
reessufl R i cA0C g SO AT by (RIAIRAGR: Pl e

employedondi ng agent (e.g. Bohmte), a silica bonding agent
(e.g. Ludox, Teqs), zirconia bon?Lng agent (e.q.
[0048] i TReAwisr Byamaaybesioated op s Higunderlying|ayst 18 suitable manner. In one

oI5 g Y S BEAE o i B0 e

slurry mey('lﬂﬁ'ﬁdgempﬁﬁheﬂlbyniée\?od_mndi mgﬂ'@%ndippihgpdpmj@gah&a&t}r (t:]mtting, other
saol, bentonite, Bohnmite, and alum numnitrate. e .

shurry cogiB HEDBN TR ONS SR 6T gﬁé#fwﬁ%}l@@éﬁ#@%@imﬂ%dwm

using a fxeiffor” ticﬁzé'?lb&Hgf tirﬁlgi‘\%g% Jf%%tiél&%ﬁ@ﬁﬁ&ﬁ%gttﬁ@ﬂuﬁ}fi irkd ﬁlefbed to coat

outer layer an g agent. t hi ckness o
the partitlee eaniye r THeasjrary mmay be appdied fepeatedly o small amowgs svithpintervening

. about; /500 m crons and.pr.ef erably between about 20
drying, tﬁipé?vdﬁ% N CATN ?ha’é 5‘3“&?1}5 pafem %’dg’@ ®Pnce the inner

[0049] : 2¥ﬁé sl %ﬂﬂie%%%{tlhh{)@ﬁgﬂgiéeg 'indgﬁdl's%rinclﬁ&@arfy‘%ﬁlé!ﬂuﬁ{b%r of

ere upport w ch as by heating at a
additives suvhes atsurfactaft, aborganid 00D ghnic booding 3¢D0 haf aidg)in the adlzesion of

oo R e SR SRS B LS R el
agent im‘illgdﬁpiﬂ%e 2R0QG %0 BV A, @L&dx%x%rﬁﬁylégllu%%9,%et9yﬁe%1@10_§e%2 QHd

ours) to enhance bonding thHe outer |ayer to
carboxymethytdelliloge. Tay emoumenf osganisadwndimgpgentivincho aidesd todhed slemy may

nd provjde .a |ayered t al,yst.,su rt,. Th rying. a
v, s R A8 S A 35T L BB A AT e
bonding'@eHt! t]ﬁ(ﬁhﬁ)l@@)bﬂlﬁ?gaﬁmmng%&% hidlse¥Bitd BRntaNIdGiRbonding
wth catalytic conponents just as any other support
agent (ergaBehinitk), pailichbonding agent (e.g. Ludox, Teos), zirconia bonding agent (e.g.
zirconia acetate or colloidal zirconia) or combinations thereof. Examples of silica bonding

agents include silica sol and silica gel, while examples of alumina bonding agents include

alumina sol, bentonite, Bohmite, and aluminum nitrate. The amount of inorganic bonding agent
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production of catal ysts, as described bel ow
Alternately, the outer |ayer support material is
wa@oensactied to catal ytic conponents before it i BCT/O81084039039

onto the underlying layer. [0051] In another

enbodi nent of the l|ayered support, a second outer

| ayer is added to surround the initial outer layer to

format |east three layers. The material for the

second outer |layer may be the sane or different than

the first outer layer. Suitable materials include

those di scussed with respect to the first outer |ayer.
may rangmoﬁeabb@tdz #0%% t8RBbuti 15GvilR & f SRCPAbIMIELE bf thaYater wr el the

the same or different than the nethod used to ap
bondingtagentniThe teckneyeo! thpeutsilayemnay rapghisers abw&ﬁmmség ébout 500
microns 61,13 ﬁye%%glgly\ﬁe{v&eﬁ GBAT %B o]hg] gn& Mo?ﬁ 2%3!1’01& ayer.

i"hor'gani c gents as descri bed may

[0050] su Un@@ﬂl\é ibh§e? (ﬂayeﬂlstcbﬁed Wﬁtﬁ&ﬁd @L&eﬂﬁydr NiBe seaRad la@i&fﬁr support will
| ayer. [0052] The initial outer |ayermy or

be dnedcsmh a5 hy beatdigyt p Eeransrates of eout 300 @rabyut me%@goﬁ%a time of
about 1 atb%gt é@%{cg{rs)r@ﬁ 1 hrﬂ%y? fol £ @a'ltgné: Qlté(rhg etof about 300°C

nen rs contailn c

to about@@ﬂt@ (egtfor 4 ime of aiedue 0Bk wbeltfidaaH) to:aihahqetbdndmg the outer layer
onponents are used i.n each |ayer; aIthough this is
to it undeglyingdasgs Qv i2ilgast yporgign ef ity Wff?ﬁ% RPEide @daxshasortalst support.

The dryltl:lg%.gg Eg&ftnﬁ{gc%#s Qhn bVSHhbiflo ﬁxtJ‘@ﬁe GO Alte Al lﬁgéféd &gport

tacting cata ytic cormponent to t

materiall xﬁa/;elﬁ@cdmtddaw&cmmﬁd @Inqmnbnyts yuspaeagnaiﬂhem Bupp’or&]namylal in the
\ oat i nglbf as descri be c{ bel o ﬁﬁ hi enbodi nen
‘product\m@f gatlpyets; agidescaibed belay- IPéS‘Fé‘Fa % GPBiEr lezé&rém%matenal is

E contacte?lﬁge,%g?g{: y?@g&leﬁﬁtﬂéﬁg‘e ffis cpdﬂt@ %etlﬁlnﬁ?rly‘l?g faﬁe Lontact

. conponent 10 the materia initial
[0051] o utiesnclye rentbetinient bfvhe tagrbtedlsaj)pdrts aapqonil edter tayehis aﬂdﬁdeuo

o TS B ML (oL ey SR Leg (o
layer mééf;t{é%ﬁg Sithe of dERRk: ¢ tﬁ%ﬁ‘@g fﬁé’c'otu?é? gfglef eGRRbRYRSHRY ﬂ%ﬁlde those

to achieve a ayer ed “support materi al
discussedhwitthrespeet tar thenfirst outer lajer. dicencthad/for sprdying ehensecond outer layer

... catalvytic, A ts. o the | t .o
e e G GG bS5 A U i
method%ﬂﬂﬁfuﬁg fhos® Hfscusgéd’\ﬁltﬂfesﬁ&i fo dh@lﬁ%t%ute? e Q‘)r&ﬁluk: o?ﬁnorgamc

may contain catal ytic conponents.
bondingzagents iapdesctihed maymatabbrnded inhe fﬁirmaaolabwm ceqondputee laysr

oos2) e N ER ISR L8Vt ol 15, Y eL e SARP Sk, e

second &ﬁért 1 Ger Snall oF SnayHet EREAn R8BRtic E%ﬁoﬂéﬁks‘" MBbotR roufe? GaybiskeBhtain
of the support “material nmay vary between the | ayérs.

catalytiq @@:ﬁﬁjnemb thizo @sef@ﬁblwhlkffm@tcammtry SORIPPODEgre uﬂedge se¢talayer,
althougl%: g’t‘%ﬂsﬁ’PF ggcglﬁsﬁﬁbﬁgg {S;ass%o gr?etplrg ad Qx%go(slment e 1n1t1al outer layer

does not contain a catalytic component. Contacting catalytic component to the outer layers may

be accomplished by impregnation or spray coating, as described below.
[0053] In embodiments where the initial outer layer contains catalytic component, one

method of achieving this is to contact the catalytic component to the material of the initial outer
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reduci ng the catal ytic conponents. Preferred nethods
of the present invention include inpregnating the
W@ 210al0ytidT conponents into the support nateri aPCT/US2004/039039
calcining the catalytic conmponent containing support
material, reducing the catal ytic conponents and
nodi fyi ng the reduced catal yti c conponents on the
support material. Additional steps such as fixing the
catal ytic conponents on the support nmaterial and
washi ng the fixed catal ytic conponents may al so be
i ncluded in the nethod of making the catal yst or
layer befpresthe atagdripns is. apflistetoalie inher 1syeepThé sxbad oatbolageran®y be applied to

. ... optiopnal and others may be ellmnated(eg t he
the initia) Quig {3YeT%a7 91 COP RIS %%@5}“0 GHRoRE i on, sone steps may
[0054] gﬁgfht%ﬁﬁﬁfaﬁ t@&m?queﬁhq gb@hﬁad‘ tHHE G2 1P 19erdd Qﬁpﬁ&l@ Hﬁl}enal in

e or teps may e different fromt
which orei cn'tlmte abtheau(ee lag/erstcbﬂtalrmilwiytngcom’t}mpemts ehddab tltel‘leyered support

cini n ste To . a certa t he ontacti n
material &) i1 1Q UGS e Wk it Tote Bt of BOredRiEn SpgF o all of
wmchmageoﬁtﬁhreﬁﬂalﬁece& Lipgcat al yst. [0058] Contacting Step

One "parti gul ar approach to contacting is one
[0055] p uhlsasﬂdlttont thewhnimbbr and tg@g)fwataWticapmpyBQntwﬂaamaey betwattythe layers

is fornmed, an, whjte catal yst or pre-ca st i.S
of the layded SigPo ipelhel S QpAarIc At (6§ eorsT ISy 4e puiioearea,
pore volié, B ehOlike) of HiRls }gﬁ(ﬁf Rhtéshl Ry ‘P.ir?b@t%@ﬂl e llayess. f or med,
or a conbi nat| on thereof. In one enbodi nent’,
[0056] -uL liods) € ; galys cat al ysts are
e cont ctl carr

[0057] § fs?é%ﬁgh% PGS e Br e SheBbf Sl el R foribonents and

reducmgém@yﬁawm E&np‘ddehﬁaPre?é&éHQﬁétﬁoMth@y&Ee%@ 1@@%&clude :
“materials containing zirconia being the nost favored.

lmpregnatm the patalytic nngnmpts jifo pheeefuep@m material, calsthing the gatalytic

compon By B IBS M BB SR i RS e o
reduced E4TRlyQY E6mpdRRE bh thesuppert B{a@efrfh[ r Rddiciondlathk REhk SRingithe

support material is inpregnated with one or nore
catalytic gquaponntsen e isepporighatetiad and wasling &%‘b@@h@l’y@@ components may

b 0, 0B8R B AL SR g o

above aré bF@oﬂwXﬁtﬁotﬁeﬁ by DRlelighinagedS(eld. e, wa’%h |an@/¢i|xmgﬁsteps) In addition,
i dal suspension or the ||Kke. rtl ) In one
PsS %

some stepsaghl bapeated meg éaltlaplytlmere@@#mr@ wd the grdepof the steps
r I
may be &ff?r%{’ftr ?&% tlgag |11§jtge!ri] abo \% (g gvﬁfz %Cfluéglgbu %ﬁ% d%slst}lng?zg(gmﬁg stté?)? Toa
certain egfehf thdi%ﬁtacﬂﬁg‘lﬁép {ﬂ'ﬂl ddaﬁunmwhﬁtahteﬁsteﬁﬁ dré héedsd for the formation of
hydr oxi des, oxi des, oxal ates, acetates (OAc), and
the cataly§i nes, with halide free salts being preferred and

[0058] Chbgﬁthéjcﬁlgfsrtgf salts being nore preferred. Exanples of

[{0059] One particular approach to contacting is one pursuant to which an egg yolk catalyst or
pre-catalyst is formed, an egg white catalyst or pre-catalyst is formed, an all throughout catalyst
or pre-catalyst is formed or a shell catalyst or pre-catalyst is formed, or a combination thereof. In

one embodiment, techniques that form shell catalysts are preferred.
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pal | adium salts suitable for use in precursor
sol utions include Pdd 2, Na Pdd 4, Pd(NH3)2(NX2) 2,
w@adfosied)id] OH) 2, Pd( NHa) 4( NCs) 2, Pd( NOB) 2, PCT/US2004/039039
Pd( NH3) 4( QAc) 2, Pd(NH3) 2(QAc) 2, Pd(QAc)2 in KOH and/ or
NMe4OH and/ or NaOH, Pd(NH3)4(HCO3)2 and pal | adi um
oxal ate. O the chloridecontaining palladium
precursors, Na2PdC 4 is nost preferred. O the
chl oride free palladi um precursor salts, the foll ow ng
four are the nost preferred: Pd(NH3)4(NG3)2, Pd(NGOs) |,
Pd(NH3) 2( NO2) 2, Pd(NH3) 4(OH) 2. Exanpl es of gold salts
[0060] suiThabbmtadtitiy stBmhybddaBted G lsif btk b0he kuifpottdRatdidld Sescribed
HAuCl 4, NaAuCd 4, KAuQ2, NaAuQ®2, NMe4AuO2, Au(OAc)3
above, Witkeificsh AHPQHA pblarsicd SUPRATt ImaiesialyGontatmye zirepnig being the most
a
favored.c E‘F% ??rgﬁc;t?xg %P%?érr)ﬁr‘tg {zjir}g%dr@ﬁ Qrglﬁfe { treiengfn%ﬁé 8&1 | pressure
conditiomg] Ho@vweu teaﬂnbai dradlevidted térpdpdtR@s OB pfesﬁ@ésuha}dfésemﬁlﬁj/ddd e
RhCl 3, QAc) 3, and R(NO3)2. Siml ar, salts of the
[0061] abé%ned@@ eséantﬂﬁméte@a% sHDPETt anaterah éviatnregnated veifhseners more
aqueouis%hvﬁﬁh? gf thg Qgtgl?ﬂnc Rk &feﬁgt{fe?err 5%5 g%ﬂﬁg&n&hﬁﬁﬁg % z;)hysmal
In a gr'ven pfecursor s or exa
state of el shpgmbmnmmahl during theconcactingstelp may ibe a dgpi;dhdsahlhr@;a gogel, a
. agl fferent g hadl um salts may be conbi ned together in
colloid S‘é‘???f@l‘%‘%’r eliksor sol uti on Precursor sol utions
[0062] ! y B 8?&! érﬂb&ﬁ?%eﬁeth%gﬁlpﬁx CUIIIWI RN éagtaﬁrf}: i Fﬂe%?éc%gsof' dihtion are
ts 1 n water t hout bi
water scﬂmhie fdlsmsadelod theacsaitadyticddmpbases nmludmglbllt mohmaed fo, chlorides,

her, non a ueo s,sojvents may al so be s bl e. [ 0064]
other hagﬁ S BydroriRS oS, alpiFSracEiRtes Z@As fBd F‘HHIGS’ with

‘halide f%¥ Qﬂ%fﬂel |n$é arid m&ﬁ&rlféé%ﬁhé’béﬁ%&oa&@ felRE SBR %& p1eSYf

‘or - seque and nmay be inpregn rou h t use
palladlumc saltm Glllt}iblﬂ’lﬂbi‘ tseph prepusousawtions ialddeddCl,, Wath(IlJneréNHg)z(Noz)z,

a3y B0« Sia B Rk iR s b SNFR 089 k@A in

KOH arfdfr NMEJOH 8nd/BANAGH! PANR) ?1 (Hr8O5%Y, 4Ha Bﬁl/adﬁflﬁ bii&?it@g Btk %Ehloride-

t hrough the use of a sing pr ecur sor so
containifig péléadiunl pte@ulagrsaNezi’dCinps a@ntaireferr):d Oﬁthe@hknhdb yfree palladlum

precirsay ARl s oIS ngiiyt Ay Bedithanbmdn Lo NS PR on

Pd(NH;IZGNQBP Mm}r@m@nzahsxhxﬁpﬁybf oM SaiBlsBRMIe BH%8e thRbcusor solution
on of the catal ytic conponent is -contacted each

por
include Auﬁé, HMCI@MIC@, K@‘w@zsNaAubd &Nedubholuf@dyc)i mcKQend/or

e O AR Bl RENGR i s LT R 0n SR Ao RO e

chlomde%&%l@ﬁrebﬁf@d@ QEﬁiﬂlﬁlgs $MBoGURRANS sUTRbR! fofhseWh biechiISr solutions
ud E@ecursor solutions is not critical; although there
include

GheRbEMc)adnd RO + Sinler salfsrefshakhoys dessribiedsthird setdlytic

compon?netls %Va\{y ayglotb% selected.

[0063] Furthermore, more than one salt may be used in a given precursor solution. For
example, a palladium salt may be combined with a gold salt or two different palladium salts may
be combined together in a single precursor solution. Precursor solutions typically may be made
by dissolving the selected salt or salts in water, with or without solubility modifiers such as acids,

bases or other solvents. Other non-aqueous solvents may also be suitable.
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respect to the calcining step. Preferably, the

pal | adi um cat al yti ¢ conponent is inpregnated onto the
waappsostiorat erial first, with gold being i npreptEUSIN04/039039

after palladium or last. Rhodiumor other third

catal ytic conponent, when used, may be inpregnated

wth the palladium with the gold or by itself. Also,

the support material may be inpregnated nmultiple tines

with the sane catal ytic conponent. For exanple, a

portion of the overall gold contained in the catal yst

may be first contacted, followed by contacting of a

[0064] S€TRSPreBRsb DutRns 1§ beAnPreghdied M6 Eneubpsrt Slakpial siAmitancously
i ntervene between the steps in mhlcht%% d i s contacted

(e-g. co-iropreationpproreuentialy prd mapbeimpregnated; thipugh these ghone or multiple

and/or fixing. [0066] The acid- r Qf i .
precurs el Wi et 6188 B el fGh of Hbttancous
and seqERtANAPHBARIGMAY b usAd Fenéianiplé, palatinatahd thddfum may be
. utilized. Thus, only precursor solutjions with simlar,
impregnateddhionglethguss pf sisple prasutser spluien (Esferrsrelo as A cg-impregnation),

-} S N N . - .
o B FBESHREH I8, £ SR P PIREROES 1t e
componkMGfia] beFiaiprédhated oprte giyportigateriat fin mnktiple stbpsysuchfthat a portion of
recursor solution is selected so"that it co

the catalygic gempenent istsentacigd @&C&Tfan%\ bllémteX;ﬁB]% oite uHedlp SRk @é“d“de
impregn%&g gﬁ}?g%)glﬁvteﬁ%&%lb%gnaﬁl\ﬂg nv%iﬂﬁ%u,?@ﬂ%@@bfﬁ%&g?ﬁr{% @b with

e’ pore-vo e support eria
Au. are preferred, and nore preferably between about 98%

and _about 99% of the pore volune.]0068] Typically, the
100651 pr G0 05 oF BRRTPESHIE YR RYTRRT TEeT LS BSOS uhGE apliipts s ot

‘ éﬁtical;%ﬂﬂo& ’ %ﬁé‘g %&rbte.sgﬁl%%?kﬂtagé toa(lﬁh'gl aahse @E&é{lﬂ@d”bélow with
S "Pprecutsor- sofution. I's -may be done drop W se untif-
respect tonthe paleiningvwidpn Ry sfersblyt, tre prilpdiomtcataljttierconiponent is impregnated onto
substantially, achieved., Alternativel the s t ..
the supppgt BATPERL gl Loateg ipreamatsd S RALGML R J4o6 dhofitgn or other
i i My R ik il h&Palidiveh, Rk the gold
i s BRI 6 st Ay M RSPt gl
by itself Qkis@ahe Hippust ematérind meybe anpregedtet maltipkmidnehwith thesamesatalytic
- - solution. Further, a.spra evi.ce be .used,such "
comporga For REBRIEAFSEPn SEEOTGAL Baldggplayid IQ.HF&aéfrsﬁmay be first
contacté&fg ?cﬁio%véﬁ%&%oﬁﬁ@tiw&oﬂ@o?ﬁdﬂﬁ th&\B&18.€ Onk nif?6 SR steps may

lonal |y, decanting, heat or reduced pressure may be
interveneshetivden thestensainavhjclegaléd éscontagigi do thetsupisbmbletiak 9.8t ¢pdeining,

. Su rt. material or to dry the support material after
reducmﬁrl%‘ﬁ&@ﬁéﬂgon. [ 0069] For the inpregnating step, the

VOl 138 R bARE BEHIS OF the BldétilsOsolhftions hag iethenle wWhéther 4 co-
Um66]corresgonds ?o betmeeg abgut 85@6and9about 110% of the

impregyatios ov @ kequentid] imhegsatpyas ttikiede Mhas, onlyamrecnsser iselufiers with
similar gc?}g- t8§e? I?r(f){%ﬁags?lpglg%gtruég' %g%tﬁér i%l g%oﬂ%%reeg\{lgtliﬁjgrﬁep?fthig re‘l?minates any
acid-base reactions that may foul the precursor solutions.

[0067] For the impregnating step, the volume of precursor solution is selected so that it
corresponds to between about 85% and about 110% of the pore volume of the support material.
Volumes between about 95% and about 100% of the pore volume of the support material are

preferred, and more preferably between about 98% and about 99% of the pore volume.
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preferred, and nore preferably between about 98% and
about 99% of the pore volune. [0070] Typically, the
w@e@sosH0T sol ution is added to the support nmaP€T/U8£004/039039

and the support material is allowed absorb the

precursor solution. This may be done drop w se until

i nci pi ent wetness of the support material is

substantially achieved. Alternatively, the support

mat eri al nay be placed by aliquots or batch wise into

the precursor solution. A roto-inmersion or other

assistive apparatus nmay be used to achi eve thorough
[0068] COMYighily) ﬁie\ﬁ&mrgoh SolaHAPR HAsBboThd ﬁippafe Mé}ﬁl REEEHY rsﬁﬁfort

soI ion. Further, a spray device may be used such
materialti$ glﬂowddeabpmrb ¢he ggwrsmlsgl:urtlgn ﬂ‘blsmyetgcebne Hropuwgise wntil incipient

zle onto th r i al ere it bsor
wetness 8 ffe SRR matsB AL iR SRt Aagorts o - A EDa e B RBPRE pigsgial may
be placed B9 AlifEbts Sﬂ'ﬁh‘(&l WY ifR& ﬂﬁﬁﬁedu'réw kSlufie. ARSBLRRErHYN bhGher
support material or to dry the support material after

assistive ampa@gas andyde.uspd@7chiers Heroughiconiect hegvecodhmsuppes maggrial and the

precursef oSS PERPEA Prf delifs M B %Bed By Brd bimp S Belofigh &

sprayed ﬁ&o@gmi Rz RGbntdtha sﬁpm@hhteﬂﬂt whérslit b8srBEd Ot GHARN] dedhnting,
vapor dep03|t|on process, such as described in

heat or redysagd prageue oy be wpgdca re@overmrewsailewdwt #lspehed hydhe support

matenal%r%) I(jgazstﬂer 5%{) %alté}gd Q{ter 151[;)? Sh layering a uniformy

regn suppor Mas an outer layer, on

[0069] t Othe ﬁﬂﬁrﬁegﬁa@mg istepf fhe &biuvied dfpfrévuf@r sd1etidn i6 aéladt¥@ bo that it
t hat may descri bed | ayered support materi

correspogds g be&ﬁ@ﬁnwéputtffécfh Adghoubt b}b{q @ﬁﬁle@prq ‘collsn@@ the spppost material.
Volumeg g%t?eéﬂ éb%u{:%.bp %g& ?ﬂoﬁg 186%:td ?llldaj] ;?orré ¥ol %f Eh%s s}gcgrt I’n%tegg L are

use orm S cata escri

preferred, antUnfore ﬁ&f&ﬂﬂy blﬂweEn Zlﬂﬂx,t 98%,andabailt 9!9% ¢mn@pmwahm¢b by
ref erence. [0072] A physical shell formation technique

[0070] rraimapély the pﬂﬁufssb P@uwf istapdedyp SR pperh maferighand the support
matenalc@%l‘?clvyeﬁta%s rﬁlgﬂ reéd?‘?or%ﬁﬁgﬁ S {us ?ﬂylﬁte'dgﬂe H% v&ge ﬁxﬂfl%ﬂﬁglent
on support

0 a hea rt materia "aye
wetness B thersugport mmeﬂai 1§ hﬂ)sm’tlale’}ﬂztchtéved hAltEm@tﬁ)wai i SSPboit irtierial may
. apgrates upon contact with the heated support,
-be Place%/ékﬂ%ﬂts orﬂm@ WWieh BY0 therjequrier selition, (4 éotew@amm ar qther

%s1st1ve%g§p&§ us ecﬂé%ﬁfe(f [H?ﬁ‘cﬁ{ t)nt &" f%%rgééﬁ Bh sulggort maéenal and the

eratu es et ween about
precursof kelutibn. cIFm&ﬁ:s acprayhievich aldy bﬁfmyédssuch) tHax dielpeebubspr solution is

sprayed {RQAa R IS BI U FHRPOGT IR v bste RgRorbye. Qpenply, deoanting
heat or rgm%ﬁresf&é & 99.9%(% to Wrh&vd &?@%&E #gr mgpﬁiﬁﬁ{bgﬁ Ylthe support

a relatively thin sh
matenal@ntm&yttMiuppuyntaﬁertahaﬂtaramlpeaghytmmsef ul when chl oride
precursors are utilized to hel p enhance the shell

[0071] ¢ f)ﬁlmr p@ﬁacéwgtt%nwﬁi)@@y %ﬁﬁfegrtp gyoid a fixing step while still achieving a

shell catalyst. For example, catalytic components may be contacted to a support material through

a chemical vapor deposition process, such as described in US2001/0048970, which is
incorporated by reference. Also, spray coating or otherwise layering a uniformly pre-
impregnated support material, as an outer layer, on to an inner layer effectively forms shell

catalyst that may also be described as a layered support material. In another technique,
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[0073] One skilled in the art will understand that a

conbi nation of the contacting steps may be an
wappsoprivat e net hod of formng a contacted sSuppoOr/US2004/039039

material. [0074] Fixing Step [0075] It may be

desirable to transformat |east a portion of the

catal yti c conponents on the contacted support nateri al

froma water-soluble formto a water-insoluble form

Such a step may be referred to as a fixing step. This

may be acconplished by applying a fixing agent (e.dg.

di spersion in a liquid, such as a solution) to the

organorhdTlli€ 9RrbRbdrsofemaltic U&hﬁd&ﬂeﬂ{s PhiiedlaltPWaE $espbet k€ 2614, Ray be used
portion of the catalytic conponents to precipitate.

to form mllscatteﬂ)@tsa @s desepibaddn 35S+ Ratens Now 5,790,463, whiehnisyineorparated by

referenc'es not required to formshell catalysts. [0076] Any

Suitabl e fixing agent may be used, with hydroxides

[0072] ( €.A0phyRicsBétell Torinditioh Yedh@igi€l 813y alss ibk isiedbSfor BRIpb@setion of shell
car bonat es and bi carbonates in aqueous sol utions being

catalysty,r Hergy the grecyrser solefoampastbe spxavied oa@eaheateé sppror mptexiplng a
layered gﬁgg%ﬁ%?g%ég? H%ds]por etacqg e&ﬂ' or so 1%9 ?xﬁ)%%test Os‘lglgptact

n or e pre

with theslmhteﬂisﬁmﬁ)raﬂhﬁehmpﬁﬁl ﬂqioedm@mhd &mly‘mpmuﬁonam afa ﬂiell on the
ypically, the fixing g)g i s, used subsequent to
s qu

supportmﬁftr@ét Pwéerghléﬁe@a%rhwqu 8 abotddand d 49 ppay be used The
th1clme§§%|tfﬁ§é s%lell;n'f‘aly atc):g}{\?cﬂlfh%gssgl% 4&55 F%%Cﬂl}kﬁsfﬁﬂg g}gor]t material and

the flowt iateeofdkpsulation throngh e spaiyhionziti Bor @faniphs wl:i)ﬂh&é:mpaﬁﬁures above
sol utiqn, and th%&fl Xi ngagent.. Like the i ngregnatl ng
%

about 1%Q°§p a rejativebethin Tgxg gmbgdiment may,be particwarhyuseful when
chlond%%r@&ﬂs%r@%eqﬁﬁ%d Bg;@wee{hgl bheR thé éﬁeﬁ%m%on %n%ﬁgsuyagrt material.

IS 1 ncor por at e n by reterence
[0073] ad\(hntskgkedmtlm abtsmﬂlsmdenstand kieat f icaunbipatiorept th{s G@Hdtmghmps may

fixin be acconplished in one or nultiple
be an apprepsiate g &@? phtprapinezs cogtapied sgppost watrlate fix. In a

[0074] COFliXe spipge or nmore volumes of a fixing agent solution
i's to the contacted support material after all
[0075] t hédt mey by desiralple ae ttarsformsa l1esist Dpsrtibavethb eatalyto nbmpbmits on the

contact SuB FGA! VP QUGHE IS BT A ST TN BFB. Such a step may

be referl4R6 HS 2 ﬁ'kfn%%'rt%t R Smay O ac%ﬁﬁﬁét{%d bPaE#IE% aafﬁa&ﬁ agent (¢.g.

sequenti a regnati‘on wth a pal prec
dispersieminud liquid, suclyes alsqiutéom testhe imptaghatod suppdrtanatérizd which causes at

ecursor sql ution woul d be X,~.as moul I Xjn

least a pRFtiag o 3. cAlf N CRANFE twﬁﬁpgatﬁaffbﬁcﬂww Togrio for a shel
catalyst,l%ﬁ%o?% udel W fo% shat Jzé%%ﬂgﬁs by inpregnation with a

go precursor solution exanpl e of co-fixing may
[0076] be P(rryusndablﬂ fiking.agéte ingrytbeNsed, 5Vlﬂﬂ14yd8c88desmgcdlki13metal hydroxides),

oy i Qcorpor ted bX c{efe ence.,

silicates, borates, carbonates and bicarbonates in aqueous solutions being preferred. The
preferred fixing agent is NaOH. Fixing may be accomphshed by adding the fixing agent to the
support material before, during or after the precursor solutions are impregnated on the support
material. Typically, the fixing agent is used subsequent to the contacting step such that the
contacted support material is allowed to soak in the fixing agent solution for about 1 to about 24

hours. The specific time depends upon the combination of the precursor solution and the fixing
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[0078] A separate fix, on the other hand, would

i ncl ude applying a fixing agent solution during or
wa@paosinéaarh i npregnation with a precursor sol up€DOS2080039039

exanpl e, the follow ng protocols would be a separate

fix: a) inpregnating palladiumfollowed by fixing

foll owed by inpregnating with gold foll owed by fixing;

or b) co-inpregnating with palladi umand rhodi um

foll owed by fixing followed by inpregnating with gold

foll owed by fixing. Between a fix and subsequent

i npr egnati on, any excess |liquid my be renoved and the

agent. LIHRO {ntqlgr'ggﬁa‘? “%% epdid a%gﬁstn‘?él &é@%?ﬁxcﬁ B§ 8 rdt§ ifRlersion apparatus as

necessa Ease. An exanpl e of separate fixing
describediryUlge Pﬁmmhfol 51332, 8.0, Whichns inkorposuit@iereig by refhicnee, may

orated by_.reference. [0079] In another
advantaggﬁgg)ggﬁgmdln IP%ﬁ’F‘P&Ftﬁ% step and the contacting step
[0077] &t @h@ﬁgﬂg%eﬁ%f}} BEACEARSIRUSA i odérb@ nfiEpIB kR V\Eﬁfreféﬁrb&ﬁ d Go-fix ora

descr S. Patent No. 4, 048, 096, ich is
separateifixc dn pep &g dnbyr mefesiobmss of Edi’)ﬂ%ﬁ’m solutigngds mliﬂltea fetgs

contacte;i :sﬁm):g rfhlt qeggl\ﬁé’{gn‘gl; ﬁ%ﬁ%? g%’gc\tgirgo {hlﬁ%gllg ﬁ&lef h ?mgct@cy to the
support @xg Rihl, Whetlr ﬁﬁrcbﬁﬂabmaschﬁcdrﬂplﬁsh@cﬂﬁ@&igﬁ&m usetdf ®né bt(mmnple

conducted tw ce for a catal ytic conponent.
precursor aolatigns. For erpoplenfixinggiids e‘ewntlalamlpyegmtw ifha ﬁalilﬂtdl%

d h
e BB O e B B e
as would Hﬁl&l@gﬁ@f ) B&-nﬁbﬂa@n&@@h hagh dbﬁll&&hh@hhﬁdlubypfemﬁc&gbhltlbm dollowed by

h gold and a pre-fixing agent faollowed by fixin
unpregrwwrhwathfal god prepyrborgalition.. Anieramplech RP-dierEe TRy lb?efouggal US.

t.he f hel | t t al yst
patent Ny 504 Rsb LR il PeorhhBR oo 1oL YBa0 TSt %
10078] anszxt RBhrafIRO Qﬂnﬁﬁé‘&thelﬂﬁh& iwstl@dcludeupplghige fixing ageat valotion

loride free precursors, the support naterlalkéﬁ
during op laﬁelt qagh iropreghatipnavithi a(prﬁ@nggéﬁ}ptlp@, Ee¥j gxampia, the following

es of .t u |
L
1mpregn\ﬁ’c1ﬁ§'wﬁhtgbﬁi follBwag byl ﬁQﬁlgb@Sﬁ cSQinpfdgﬁﬁtmgth}ﬂi p&llaldymi argkrhodium
, . hetals. After dryin t he sutgort terjal fix and
followed hﬁflﬁg‘ltgafpﬂﬁwﬁ bwr@rgﬁr@ o8 wih solst faflew gﬁl ixing,Beptgen a fix an
QPPOSi

eGP S T 85 0 R g
althougPfhi€Rnat HédessatibnhooMe! Anarainplke ofsppoate finmgenayehe. foﬁnd m U.s.

exanple, nitric acid may be ﬂlésed to pre-treat a
Patentl‘é‘hﬁ&ﬁl“t()?’ﬁa‘f"b}chéﬁ lnpm{)rarqq bydpisrenge i npregnated with a
ngst a@%@%ted
[0079] Th (%b%ﬁ¥&§%JP§gﬂﬁéthgﬁgégggﬁggﬁégggred as using a
simultafdoblfGore exripld ¢ fomieich 13 eseribediralg1S. Bgtemtléqn 4 Q‘@Cﬂ%} winled is
concentration_of fixing agent i nfl oLutl on i
1ncorp0faﬁq lg\}aqef%yerg;engpléﬁxa&péeeg@n&qltapﬁ@ls 1x might be: 1mpregnat1ng with

palladium followed by fixing followed by impregnating with gold and fixing agent. Ina

variation on this embodiment, the fix may be conducted twice for a catalytic component. A
catalytic component may be partially fixed when it is contacted to the support material (called a
“pre- fix”), followed an additional, final fix. For example: impregnating with palladium

followed by impregnating with gold and a pre-fixing agent followed by fixing with a final fixing
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anount of catal ytic conponents inpregnated on the
support material. The anount of fixing agent should be
whedodwenoabout 1.0 to about 2.0, preferably abpir/us2004/039039
to about 1.8 tines the anobunt necessary to react with
the catalytically active cations present in the
wat er-sol uble salt. In one enbodi nent using a high
Au/ Pd atomi c or weight ratio, an increased nol ar
excess of hydroxide ion enhances the CO2 selectivity
and activity of the resultant catalyst. [0082] The
vol unme of fixing agent solution supplied generally
agent. THRORbIhiR ARy BORAo Bdlh ilsGieahd fdrMatiqly 6f shel GyR\aialy@Pastopposed
free surfaces of the inpregnated support material This
to an allierpbghomt casalysti shed by i ntroducing, for exanple, a

volune that .iS. greater an . ore val .Qf .th
00801 ¢ S i o o bRy DSkt e hefegors.the
support HARIBORHd-B8atBd Fith i2>fxtk SleBOD 2878t the propartiel OF thetswport material.

catal yst. But, the use ofhalide free precursor X
In this embbdinicoh shesuppor anatdria istfiret impragnated witbfeithersanegeid or base solution,

. _catalyst whil tionally elimnat. i Xi
oAU PRI W LM D L
solutionSh& Mas % oPpSsiteREyRM Wity SMe BEedRIPpalt @thterfallr Theénsuing acid-

the process can be free of a step of fixing catalytic |
base reagmrpgnéﬁaghqlh@ﬁ cajgditiccroptphaenit eeths supposiasteral JigF Gxapeple, nitric

. hi . ' i .
i SR SRR P DB G PO e

solutiontsiiéh MEBATORD, 6 ARODYb TRBUEMativh &Rhniqne ifag beebiwidbred as using a
. making the catal yst do not require the catalytic :
fixing step fglioneadtby axomfacting salt t hus the remai nder of the step

i carri 0 . _ e YR
0051 T8 oS5t ath Ay MRS PSP B s or e
amount BEEAMAlYSc Corbpin@hi¢Sinpgnatedor thiealiysirt materlaic tThernuahhoftfixing

at 1s free of a st t hus reduci ng the

th f hi ,
agent shepidkherbetocstabpyt h@ iRt 50 GTBRTAC 108! kA (SRR 1 fimes the

il : . . . ini
amount fet Py 1 R el oy PR e i Al BB sl
In one ehfodidieent 0sihg b highgAwPé atonsoor weilghit ratiosandnereased motardxegss of
: a-n_other applications as desired, after the fjxing
* hydroxige iop,enhaser {he COIFEBYY FsaHTIRY Of{Ag MW SHERSt o
re : ' ' } i
foos2] ¢ PTRE Tafifl AL adoREicnipp iR £HRREY Mol & et
sufficiest t6 oover thenavatlalsia fileh surfacppali the magregriatdd. suppert watdniahghis may be
step.included rinsing the fixed support terial i
sccompHieR by T ERER g1 CUBTRI T et > ERRSe ) e goB oot the
contactddSuBpQRLGRrQ @ continuous node. Washing at room
te rature should continue until the effluent wash
[0083] watTke chmbimtibabl thepregmntingmdiiting ftepesm fohan shélbiype dBdgst. But,

and nore preferably until the fipal effluen .
the use gf) lggéige ee precursgr solutgons also permits the ?ormatqon ofa sheﬂ ca{alyst while

optionally eliminating the fixing step. In the absence of a chloride precursor, a washing step, as
discussed below, may be obviated. Further, the process can be free of a step of fixing catalytic
components that would otherwise be needed to survive the washing step. Because no washing
step is needed, the catalytic components need not be fixed to survive the washing step.

Subsequent steps in the method making the catalyst do not require the catalytic components be
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negative result to a silver nitrate test. The washing
step may be carried out after or sinultaneously with

wo b@soedori ng step, discussed bel ow, but preferPebUg200£039039
carried out before. As discussed above, the use of
hal i de free precursor solutions permts the
elimnation of the washing step. [0086] Calcining Step
[0087] After at |east one catal ytic conponent has been
contacted to the support material, a calcining step
may be enpl oyed. The calcining step typically is
before the reducing step and after the fixing step (if

fixed anattﬁlkh the Sdn®inde? obER GlepMidybaBatrib@k@ Wikiame a@liG ey pfdpaﬂamry steps.
the process. In another enbodi nent, the calcining ste

Overallj tbe userafichiprida frea Prasarspredermi¢ata)yss OB pre-cptalyst arqsiuuﬁﬁqugnethod

| {i |
ot 5 B Y SLPRRE TR ek g e co
and ehnﬂﬂﬁtiﬂ’gg?éﬂée{dl t @Isllpﬁﬂa oftch?nlaab@%tyihingtmfal)ongnt s ont ge
support materi are at least partia econpose
[0084] frgﬁ?&mﬁﬁgal ts to a mxture gf t hei I‘yOXI dengnd free
.. f t
ot = 00 O T B0t e

apphcaﬂ(Q@ QS désdrea et t}%ﬁQ&ﬂ‘g stBys, eheefiaddl syppuat m&’enahlﬁ@jdbe 2a§RECto remove
and about SOOOC Non-r educi n<t; giases used for

any halide residyaondhe suRpOTt AE PlbEYIscipRated o siminate ibe POE?PEMI negative effect of
a contat% agt &l 9 gs%smactgﬁ;g %% @%%ﬂlﬂg}.te gltcfu‘agg Pin31 é%xeﬁ%ﬁﬁboﬁ

¥ogen 8 ygen,
matenapmlﬂ?dtérapﬂe&rﬂﬁ)ly hﬁbﬁtzéd watet. N'Waklking mlay be deneemﬂxithtatmrta, continuous

- the calcining step is carried out at nospher e of
mode. ¥{pshingatoam t%mpaﬁamrwh%b% tingg, léﬁhe e offipengwash water has ahahde

oo SR A tts
negatxv@fesdlegmrﬁh&r iﬁit@tb toft. The wasting step mag bfpmeﬂbu'fsaftdrsr S
ends on the tenperature ys n of t
simultapepFgTih BareRE TSP, §S s eIt DR P E qamfid&}aéfagfgre As
dlscuss%;aﬂwg : tflé){léer}q URASHL gﬁregﬁ&ﬁ 'wﬁﬁbxé)é eﬂ%?mﬁg ﬁﬁ%hanat[og%%e washing
hore LAPRIGT steps may used, such that

step any point after at |east one catal ytic conponent |s
contacted to the support material, it may be cal cined.

[0086] Pr&?&@ﬁgbﬁ—ﬂ he | ast cal cining step occurs before
[0087] CO%ﬁé}tat httdag c?@i@f &t ﬁéh FasHREPAeRted B tRe &iph6R Material, a

ort materra ter ate y, calcining of a zirconia
calcmugtsmpomty reedmaplopdd. Ciirtcalcimimgstetypically mdwethre thededucing step and

o e e ot A00E oy el el 000,
anotherle ’ﬁf%ﬂfn?én‘t’ rtﬁéc?l&ﬁ g QYEarA0PO6t afith e Eécﬁﬂénig'%@ép trhe c4iRing step

ctivit sultant catal yst wl
includesl béatingwht sallpp(yrt afatemai Bk n@1-redehmggamosphere (1 e. ox1d1z1ng or inert).

During calcination, the catalytic components on the support material are at least partially
decomposed from their salts to a mixture of their oxide and free metal form.

[0088] For example, the calcining step is carried out at a temperature in the range of about
100°C to about 700°C, preferably between about 200°C and about 500°C. Non-reducing gases
used for the calcination may included one or more inert or oxidizing gases such as helium,

nitrogen, argon, neon, nitrogen oxides, oxygen, air, carbon dioxide, combinations thereof or the
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[ 0090] Exenplary protocols including a calcining step

include: a) inpregnating with palladiumfollowed by
wa@adosiosiiny fol | owed by inpregnating wi th gol d; P@)/US2004/039039

co-i npregnati ng pal |l adi um and rhodi um fol | owed by

calcining foll owed by inpregnating with Au; c)

i npregnating with palladiumfoll owed by cal cining

foll owed by inpregnating with rhodium foll owed by

calcining foll owed by inpregnating with gold; or d)

I mpregnating wth palladiumand rhodium followed by

i npregnating with gold, followed by cal cination.

like. Inld283hboBaE tcaRiMiRg k@R Rdarrf¥asul &1 arSitBidsSHER 8FRstantially pure

) generally herein to at least partially transform any
nitroger, @xpgem;.-#ig orenmaiyations thengedn Ealcmationtimgs Bay varyrbup piewably are

far Q atal ytigall tive t ;
verweer, Bk} BnPS NS i fiurd y koo hun iy actidiept sae
depend$én the t@hpeatutased Sndleh gt € ting tikgigipregrated tatadst Bfcalotied nd can
i ncl ude anmoni a, carbon nonoxi de, hydrogen,

be follomyed by ezaniferiag velpidleidgeompasiiompaediictsa| cohol s, hydr azi ne,

priAmry annes. . C xyl J.c ' i '
oo 21 R AP B BPAR 5 B S BB 0 e st on
catalytié¢ BshgsHent iklcohitaged o the Btyﬂfpeftematﬁ{al),ﬂyineﬁ Be caltinad.i Preferably, the last
hydrazi ne and al kal i ne formal dehyde and conbj nati ons

calciningisgpeaseurs befops eaméact afithe galdciatadytis Gampeneit {ha gr¢apiaTgport
..an r .b/ . W t. i i |

e Sy P T R L B G ot

temperaines belowabbuti 3DORC.e By aveidingalcidnictha gokitoeptaldng riecbnia support

: ,a liquid environment may al so beused, (e.g. .enpl oying a
materia} elderaperafuessiaheyeorpput m%t bapisk thatithe C;féa S@?q%ltx Bﬁ? t}r/‘? Fﬁgultant
ttoad SfUCti 0N f ient up to about 5500C.
cﬁa&“@ﬁ&%ﬁ%&%@n&%gﬁl 1{ ‘%g?‘%gio ly vary fromabout 1 to
[0090] abdixentpldip pratocolaSdflinGlarakiitestg)y mcindes: a) Smpregoatingavitie
.the catalytic, components may influences_ th . )
palladivap followed by selciangptolloped py Hupregaating yd ,gOé%ﬁ’SiCW@H&egnaﬂng
. d. ) i 3 i . i on
pallaci FBRE R E fotbREd b PUC R TRTRN O, D SRGHERAREDY
impregiaing wdth meiladinmsfollpwepby tdle@sing foltbyaidrbgdmppmaig with dodium
- .. enbodj ment, palladiumis- contact t Q. the support. .
»followeﬁgé?aka}l{lg followad By gmprearring i op ) mpresbhe aithagiladium
r . > 1 .
and shoBfh, (GRUERYy FDLABIE RAE b, WS eTBY 0L ¢ i o
[0091] ar RéducimpStepat ed by reference. [0095] Exenplary

O NG N RN ——
catalytigsl)lﬁb(meﬂﬂ; i b NeG B dd FIhe9 R bR My (i 904iel Qlch ayBda
reducing step. Typically this is done by exposure of salts or oxides to a reducing agent, examples
of which include ammonia, carbon monoxide, hydrogeﬁ, hydrocarbons, olefins, aldehydes,
alcohols, hydrazine, primary amines, carboxylic acids, carboxylic acid salts, carboxylic acid
esters and combinations thereof. Hydrogen, ethylene, propylene, alkaline hydrazine and alkaline
formaldehyde and combinations thereof are preferred reducing agents with ethylene and
hydrogen blended with inert gases particularly preferred. Although reduction employing a

gaseous environment is preferred, a reducing step carried with a liquid environment may also be
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reduci ng; b) co-inpregnating wth palladi umand gol d

foll owed by optionally calcining foll owed by reduci ng;
wW@eroosp6ilnpr egnating with pal | adi um fol | owed byPCT/US2004/039039

optionally calcining foll owed by reducing foll owed by

i npregnating with gold. [0096] Mdifying Step [0097]

Usual Iy after the reducing step and before the

catalyst is used, a nodifying step is desirable. Wile

the catal yst may be used with the nodifying step, the

step has several beneficial results, including

| engt hening the operational life tine of the catalyst.

used (e.gl leﬁlpl’ﬂyihg‘ Yieligrisg Sfutich)s OHE ténifRfat@d Istlected Fordkd tedadtion@an range
be acconplished in accordance with

from amblshly 1 29A8F 5305 G Regesionaymass il rrieall aEdom bpiso about 5
hours. material is contacted with a nodifying agent, such as

an al kali netal carboxylate and/or al kali netal
[0093] hyS8inox th@erodess wked toredaee thEomugtic tanpdnealskady infleérdbs the

car bogg{&tei such as the sodlugi potassium |ithium

charactesjghis ok e frabeatalastofondisions smplopred for thededustipnineaycheivaged
dependif , ERBHONEth A1, BALROR o dofl BEGEE BFOREL Bl
mmuaimnth potaSS|un1acetate (KCﬁc) bei ng the nost

ferre 98] The support material may optionall
[0094] HsreEthedinant. gallpdigmds pontacied torthe mp%mwlpgﬁ@g@n reduced

before g&ﬁt@éorﬁa{cﬁléd%d rbdiRe§ gats Ak e P d‘ﬁ%{g@oﬁ BN 8&886% 15,769 and

bout 10 to about /0, prefe y about
related pgteamsalbtbf wilnidih finei incprpayetet! bpeasfeﬂend:eer of cat alyst. [ 0099]
hod Making Al ken Al kat i oat es Q100] The ,
[0095] pré aﬁymﬁfqlwcwéiylgo%re Yeing stgpinclidg ?Sdﬁ’ééegﬁﬁtkl%‘wh

‘palladlﬁ'fﬁﬂ&@éf ﬂtﬁﬁm}%’dﬂ“ﬁg @ﬁlo@d@]?ﬁ»ﬁegﬁ&ﬂ:% \9{3?1? g@iﬁ W\)y

cont al ni gas I'nt resence-of a cat
reducmng)s¢cenmmdgratlkgwethsxaﬂadmmgmdgbkelrfnﬂbwed:l@ndsmldnany caleihing followed

b
oy e O O RS A e BB e S lapea

reduclngtf‘éﬁ&véd‘b}t prifaGeS %iigold)i s i nvention for producing
enyl "al Kanoat es cont ain fromtwo to four carbon

[0096] atkﬁmiﬁ@ag@Lp acetic, propionic and butyric aC|d)
e VA vi.n

“'[609'7 ] @ E)l etntfxo 1%1?15 g{e?:agg gg{oo e g@t%ﬁt is psedqp Odi]fwgg step is
' desuablé"r%l@fh%fcﬁfafﬁﬁmﬁ ﬁé hdeaSyifRhe "rﬂo@ﬁ@m s lpefh@ék Has %@ral beneficial

acetic acidwth the VA being t rred
results, ipeluding iengthianing thehmemt@gelritfe rumceqﬂthemtalm uThé modifying btep is

someinBLOHEL4 01 R1 SHATLEBbkb: ISRLHAS CALLOI I o ciona

practice. CHAREYthe ?ed@@édjsu@EQrt SheYGRNis ddnfabRd RAGSAR6E RS §gent such as an
catal yst. Al though the rest of the speC|f|cat|o

alkali mﬁals?@d@mgtemd/@x elkak imatdlynydioxidehpridrdo bee. (Puivestioatialkilametal
carboxyltcltes sumaltas tHe soﬁfum popassmm lltrﬂ?ukrrll Ao ct:egﬁm% & t1 o¥%ltz4 aﬁl&iatlc carboxylic
acids are employed for this purpose. A preferred activating agent in the production of VA is an
alkali acetate, with potassium acetate (KOAc) being the most preferred. '

[0098] The support material may optionally be impregnated with a solution of the modifying
agent. After drying, the catalyst may contain, for example, about 10 to about 70, preferably about

20 to about 60 grams of modifying agent per liter of catalyst.
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producti on nethods are equally applicable to other
al kenyl al kanoates, and the description is not
WO paosfoaaa7 as |imting the application of the | POENE1004039039
to VA. [00101] Wen VA is produced using the catalyst
of the present invention, a stream of gas, which
contains ethylene, oxygen or air, and acetic acid is
passed over the catal yst. The conposition of the gas
stream can be varied within wide limts, taking in
account the zone of flanmmability of the effluent. For
exanple, the nolar ratio of ethylene to oxygen can be
[0099] alMdetho80ofAdakting Alieny]l ARaRoatéshe nol ar rati o of acetic
acid to ethyl ene can be_about %g%:l t o about 1:%00,
[00100] , Begprggsnt in¥gnsion may:be widized togprodicg ajksayl ag‘faé‘f”étF%\ pp an alkene,
. . .1 - T, t
skanoio 338 4ha fn bfiin 3Upirk chs i M8 pARE S crGUTITRY PRpRe] alene
starting rgatseas cantaih fime twd todg@rcarboaraons @ig xihglenapidémiene and n-butene).
sat urated hydrocarbons. Reaction tenperatures which .
Preferrecaffangic apidtfarkipg maferiply usad futhp progessaf dhis &V&P%%fg? 9r°r3u°mg
i - . h .
alkeny] e o R o o e PPl A butyrc
acid). Prpfezsd praiuots of Hevaoeds e &5 iyl ppopedmatea lvinyl butprates sud alyl

wete, oA b0 MSREE 25 R0, L O0LIZL B e v e e

most preRrRAWeO Bt a8 NUL pAk&ANARhESH AMdefulB thébRlNSHondf oldimically
present invention may al so be suitably enployed in

unsaturasti lterboxylfpessteos from au tolafimjcally unskaatetl eompoundda eatiodydig acid and
T, t .[0010 | 00104].. The f.ol |l owi.ng " »

oxygen i HguPiebod ol AR RUNPEn (e 1SSttt FERLGHAGH didsses VA

exclusivalPlie SR Burdrstdodithdt ik caﬂl$t§; FRMYIOr HUURhS cAMsts and

reactants are approximate. The Au/Pd atomic ratio may
productigremethindeare equally applécable/ tP@thee rlifuyl abahentesy gnd,the descsiptian is not

. by.the foll ow ng equations:. Au/ atomc ratio =

intended g pifing P aSHlich ot B RGOt AT Pa Vel ght rati o -

[00101] 1. RPEAVAPHPESUHCEd fistig e cRAFMCI I tROpdBnt R eidN, 8 ¥irédn® of gas,
_ "R followed by the tenperature in OC at which the

which conérduscathydenenexygen or disdingd aceticlacidonipassed ewdr dhaeatalynt Fhy

-~ .pe abbreviated ' C followed .by .th enperat.ure in..0C al
composi{in S1RF B Rl casbr e bRl gl ¥ aofb or
flammability bP thef@RnfTEBBorRRadplel @k nifl@da@Sof éhylene th @RF£alcatibe about

catal yst of exanples 1-11 may be prepared as descri bed

80:20 to about 98:2e shermlar raviel of eestie dcid ¢ ethiieng canderaheuts 1610 lotpi abgut 1:100,
preferab lgglﬁéu dllﬂ)r Ieiio f’:"ﬂ? taﬁd %t%%ta lrrxtza}aé)flyg %}%gﬁzggglag&t JIE§7 1 I%g g‘%%am may

ared to’'edac n y rom
also cont@ﬁﬂghlaéfﬁ allQli &atd] a0éthie land/Be fidhtteased] @ich aoNitdgeh, Whdbe dioxide
avai | abl e.

and/or saturated hydrocarbons. Reaction temperatures which can be used are elevated
temperatures, preferably those in the range of about 125-220°C. The pressure employed can be a
somewhat reduced pressure, normal pressure or elevated pressure, preferably a pressure of up to
about 20 atmospheres gauge.

[00102] In addition to fixed bed reactors, the methods of producing alkenyl alkanoates and the
catalyst of the present invention may also be suitably employed in other types of reaction, for

example, fluidized bed reactors.
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[00106] The catal ysts of the exanples were tested for
their activity and selectivity to various by-products
WO poosloer1pr oducti on of vinyl acetate by reacti orCDS2004/039039
et hyl ene, oxygen and acetic acid. To acconplish this,
about 60 m of the catal yst prepared as described were
pl aced in a stainless steel basket with the
tenperature capabl e of being nmeasured by a
t hernocoupl e at both the top and bottom of the basket.
The basket was placed in a Berty continuously stirred
tank reactor of the recirculating type and was
maipha,ed at a tenperature which provided about 45%
[mnoﬂoxlﬁégb%%nversion with an electric heating mantle. A
[00104]gaTheifodlawieg eﬁamﬂenﬂre pbvidded fod illsttatios oﬁlmﬂunbedlteﬂded to be
| en about 10 normal |iters of axy

f
imiting) s PSR SPERS A1 isAQa af PpEgERAC P WS algmye Tatlo thay be
convert&Pl%tth@Aﬁﬂjddwelgtﬁ%t?@ Lvick \Vgiisaoffly tHchﬁﬁ)Wl cﬁl%ﬁ&%t Au/PPatomic
caused to travel under pressure at ab
ratio = (hﬁﬁwAprleGghthatm)ghd AP dasikbtratiand. 850Au,&’dtaainylstratvm§{eduction

may be ﬁlgm:\gatﬁg e[g }ongélgd %h%ggergtg%dilnt"b? 5 A g%}eflh‘gﬁ)%tw&s(scamed out.
Likewisk %ﬁﬁﬁﬁn‘ﬁﬁ% Heea!bﬁieﬂﬁte%dC PARIWERILS tﬁ’é teh%@raﬁfr@ ﬁij“(@ at Wisieh the

acconplls by on-1ine gas chrofmatographi c anal ysis
calcinatipsrwrisreettiediouh vdfefeak a deying step thapbe dbhrewaﬂaé by &irg’. by

otosCORHETHLER, RS BEBNS LT Sl ek A00C o S0L0
accordnfg@@%]ﬂe fdl’!@@v‘{%n &ﬁufe'"ﬁhe@'%gtaﬁlshﬂbm%ﬁﬁﬂe% 1SS cohPed to

-results of maybe used 'to cal culate the percen
each othep pudceatalyst ifrom %—(l.:DZnaSSéJIee:ommnedyﬂ) eash ofltees Besviis erd prbwidedwhere
each exanple. The relative activity of the reaction - -
%xpr essed as an activityfactor (Activity) nmay be
[00106] COMRY Latalys@ o€ tHedk @elples Wtk tBst&for %lﬁctleﬁ&‘ﬁ{d RIRtiv#fo various
correlates the activity factor with the catal yst
by—producém\ethapmd@ctemﬁ iy nertate by ceacton of aﬁboslqm oxygenend acmup acid. To

i netic paraneters for. the
scoomp iy, St §5 uf ot T Feh SURCRGRT etk OHt 2 plff i fintess see
basket v\hfhetha €nhprdtitrefcagdbd off BeR ?ﬁéésﬂreﬂ%y'a"tﬁﬁfn%@bﬁblé & b’i)ttl?ﬂhettéb and
he.tenperature required-to achi eve constant oxyge

“bottorm @fdhfa baskplodhe pwligowys eesdiin amBery am;tgmoalmpr@staxplomael] of the
recuculﬁ'ﬁlgg%e an%l éA‘ n?a%’t&nsé a{mlc rmlera &ur? 8/ 2\3@66}%{? ﬁ)&ljg%é#o mx?gnen

ear

conversﬁﬁkrﬁﬂi al elédﬂn@ﬂeaﬁﬁ@ blﬁ:htl@fA E&Qnﬁﬂturé enatot 50 8oMal Bls (measured at
e KA-160 silica spheres having a nom nal dianeter

em
N.T.P.) @f etl;rylﬁliaﬁ ab%ptdg@gmu}} liggrs aberizen abgwt 49/mprmal lijers of n1trogen about
A f rface
50 or E990RHA' ko s 13K he B el 4 RS Rl bR
about 122d1midspHer&8hivuglythe baslcet,fand Stie datdysegaabed el thedeRbibn
wetness with 82.5 m of an aqueous sol ution of sodium

Condltwfl%efqré&#?P%frléph@msamoa i g Wq%%@@ﬁ%‘@hlﬁh Biraaption wes tefeinated.
Ana1y51§ Y gfo'dhgts G0 %oﬁlﬂ%@ed by on-line gas chromatographic analysis combined

with off-line liquid product analysis by condensing the product stream at about 10°C to obtain

<
«

availabl

(l)-.(l)

optimum analysis of the end products carbon dioxide (CO,), heavy ends (HE) and ethyl acetate
(EtOAc), the results of which may be used to calculate the percent selectivities (CO, Selectivity)

of these materials for each example. The relative activity of the reaction expressed as an activity
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sufficient to provide about 7 granms of el enental
pal | adi um and about 0.29 grans of el enental rhodium
w@edsosiostier of catal yst. The support was shakenP¢TUs1v64/039039
solution for 5 mnutes to ensure conpl ete absorption
of the solution. The palladi umand rhodi um were then
fixed to the support as palladium () and rhodium (1)
hydr oxi des by contacting the treated support by
rotoi nmersion for 2.5 hours at approximately 5 rpm
with 283 m of an aqueous sodi um hydroxi de sol ution
prepared from 50% w w NaOH H2gq i n an anmount of 120% of
factor (Adnﬁitymesal B¢ cérgplﬁ@rrbéﬂihlat&hﬁlr%ﬂi dedigd m@&@or{sfieéi'cuﬁblta&s the
t hei r hydroxi The solution was drained fromt
activity fap@gm@ the pgselyst temperetize (duppihe reastion)exygen nemd:rsmxt, fand a series

of ined B BefES 1} ¥ leai ) B Bt Feeay B Fohetit iR gepgatty. the

activity faalolr agidally a§1hveleld) irelatedyhhe XdntiRBattRSediiRA th H&ﬁ&&%ﬁﬁgnt
wi th an aqueous solution (81 m) containing 1.24 g Au

OXygen gonyeEsiBAUC and 2.7 | g 50% NaC]—| solution (1.8

eq#; ? g}llﬁ ect to Au) using the incipient
[00107] X&L&% T@f%a(}l treated pills were allowed to

[00108] St BRampi¢dr A gbport mamw@lta@mﬁ pﬁlllddﬁtm and fHodtunemBtal @k prepared
t he i nsol ubl e hydroxi de. pirlls were thoroughly

to
as followjss The gupportmeferialin e amopntef 2§0LBII h@mﬁigmgpﬁ Sné Ghemie KA-160 silica

ohers FARLA g5t 5RRSRE e, sl el RS iy o
about 0.5680g HeDtk snpmmumcéatmdbouﬁmottqus &t/ ksl peve vORRR oF

for 2 hours under air and then allowed to naturally

about 0. 8o &3 Ssvhinpregaited by wCipignt Wstessawith §2-5 mplcdian ggueeng solution

of sodxmilqg/tgél/xﬁloﬁl et g‘gﬁgj(rﬁ @g%gb@g%%@&ogas ) SHBRAL iplhdil Ia%d“eﬁzo)

sufficienh auprevidBiahait| Agrame of eltrabntall paliadiuim andead ot 0220 ?’ﬂms of elemental

i nc tness with an aqueous soI ution o
thodium,pey L\@ E?ﬁ“\‘f t Hiesupporg was shaen inrfhe éFP Wé@p fOﬁ Sanrpw@s tp asHre

completéjé‘dsgfg)tl%h r?gtﬁgz%?h{n‘aﬁ ’ﬂl?elzpzalﬁlg&’i[lﬁl anlqgl fitith %hgilxécrin tdthe support

as palladhyni (EB)(amﬂeho&vam (ﬂi[)em&drcemklea%y de@tactnigetﬁe trBatE:l( aippbe b rotdhe
ont ai ni ort was then

T T T T N
solution ﬁfek;@x‘éﬁ GronP5AWHATAVHARS inl aHRAM E508) ?ﬁtgﬁt%ee&ga o convert the

ci ned support material containing p rum a
palladium land rhodiuny ¢b tiiwudledrom:{ks tThersolutipn egs dtadekdvidrh theertreated support

s e ST b s SR S8 et e o
1.2 hoursM THE SuBp&E Gatdrfd] AdhkaitiRl ggll'i(ﬂﬁn lah§ HRJdﬁHi h&%‘gﬂ‘a&swas th

met hod. The NaCH treat s were a to stan
impregnaigdwith ghtaqu@ue selutien (¥ eal) pontavmm Df g tAefron NeAuCltand 2.71¢g

s N S P SRS HBLLY s
The NaOHMrodtédifills Qe Ak AUH SRAY 6%&11)éh%'eﬁglr@bre%%&)ﬂ 8 tfe Au salt to

fluid bed drier for 1.2 hours.
the insoluble hydroxide. The pills were thoroughly Washed with deionized water (~5 hours) to

remove chloride ions and subsequently dried at 100°C in a fluid bed drier for 1.2 hours. The
palladium, rhodium, and gold containing support was then calcined at 400°C for 2 hours under

air and then allowed to naturally cool to room temperature. The palladium, rhodium, and gold
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pal | adi um rhodium and gold were then reduced by
contacting the support with CH4 (1% in nitrogen) in
wo b@swexior phase at 1500C for 5 hours. Final | yP€T®Es2004/039039

catal yst was i npregnated by incipient wetness with an

aqueous sol ution of 10Ogof potassium acetate in 81ni

H20 and dried in a fluid bed drier at 1000C for 1.2

hours. [00110] Exanple 3: A support material containing

pal | adi um and r hodi um hydr oxi des was prepared as

described in Exanple 1. The palladi um and rhodi um

cont ai ni ng support was then cal cined at 4000C for 2

| o

were red¥ELd by LARTinR e Bk WA Bl B T ol i B vepfiitast & 150°C
for 5 houmnFaiatly g cpmdlysmmas rmpmghatduldm mcrpie;adwetneste&ttvmaquhmm solution

of 108 o BpESgaR AT Rotha! A BaP B 4068 T Rudgeddger & 10076 Bt 1iours
[00109]SU @R% 10 P;/ﬁil Prplq b Snatial @tﬁiz&‘ﬂ% S afBP L& dWﬁﬁdes as

su squent regnated w th an aqueous so ut| on (81
preparedris) descnitiediin Exgmﬂzle?M ar helpaﬂadmn lsiad\iddura ont2inifesup Pt was then

calcined )8 A e 2 reyidet S e Bertillabvesh etk aged o fo i tespperature
The caldbhdd sipp6it ﬁla@éﬂapm@alﬁﬁiﬁamﬁm@w fHoEﬁIm hRSRALY Fos then

precipitation of the Au salt to the insol ub
lmpregnhgpdrvum aheaqubus soidtios (lemd) cohaimongyhR¥g MsﬂmniNmAuEh and 2.71g

ot G e AT 358 i B
The NaGHZre8RH pills Wt aRweRR stdild ovBATEHY B erRR Iﬂ@ téﬂ%ﬁ Qf tHee W salt to
, reduced by contacting the support wth (1% i n.

the msombterlogeqx)tdq nCherdlls wprsrthgybeghly washededthf dﬂOIBdeOMﬂfQ' (~5 hours) to

remove Gpfie oni g Skt S TR R LR B b BLE gy The

palladluihC elcaien) eﬁldf?gbm whithanddibed 8¢ cbﬁta@hnfg| thid @hpbsﬂ vilth GJH,A1% in
1000C f or 2 hours. [00111] Exanple 4: A" support -

nitrogenyriit &e |vaporazhﬁseaatd|5 AY" falSIhauisu Ainadlel thmmlm“wy dmpregepied by

ncipient 5P R Y o SRR R 0o (P AR ol FTul i AR aved i

a fluid b48QAEr §ta0OA kpursheirgler air and then allowed to
natural |y cool to roomtenperature. The cal cined

{00110] su Epmlplerﬁafewpaprt anstariel mnﬁ@mpa prBadiumand shadiisg hydrexides was
preparecm{ g%ﬁ?%hﬁﬁlr] t"f;h% n ln glﬂ)f/di\gr% Ircglg 1Imt11 s?l#&?rg{yé%then

calcmedfam r406°chﬁm Rshourhehdstifip@id theDallowredit gamdllya;dbmram temperature.
rhodi um net al . was subseqluent Iy inpregnated with an
}

The calcirpdeyprors Blateriabepntaningpylladim andhhegium h)gdrmdﬁmﬁ thgmyroduced by

contactlH%gllg%u%ébq‘E +vﬁﬁ élp He glt% }ﬁ%& %gg%) Iﬁ'fg{hlag g }glg%eoic} 1 g?‘l’(\f\e?orr ohrours. The

support &orﬂalhﬁigﬁﬁillaaibm apdlrhediot Metdl hed istﬂlﬁﬁeqﬁiﬁlygmb&gmt%@wﬁthaﬁ aqueous

reduced by contactin the support with I1§1% in
solution{g} fr@b@ql)talmﬁgtl h?ég l4and 2.71g 50% NaOH solution (1.8

equivalents with respect to Au) using the 1nc1pient wetness method. The NaOH treated pills

were allowed to stand overnight to ensure precipitation of the Au salt to the insoluble hydroxide.
The pills were thoroughly washed with deionized water (~5 hours) to remove chloride ions and
subsequently dried at 100°C in a fluid bed drier for 1.2 hours. The palladium, rhodium, and gold
were then reduced by contacting the support with C,Hy (1% in nitrogen) in the vapor phase at

26



at 1500C for 5 hours. Finally the catal yst was

i npregnated by incipient wetness with an aqueous
waoloasan? of 10gof potassium acetate in 81nm HXCQ/ERI04/039039

dried in a fluid bed drier at 1000C for 1.2 hours.

[00112] Exanple 5: A support material containing

pal | adi um and r hodi um hydr oxi des was prepared as

described in Exanple 1. The pall adi um and rhodi um

cont ai ni ng support was then cal cined at 4000C for 2

hours under air and then allowed to naturally cool to

roomtenperature. The cal ci ned support containing

150°C f&aj hai, URinailehnk Radiverw ayighpesghstes bmlﬁ%&@m@m {ith an aqueous

i npregnated with an aqueous sol ution (81 @3
solution® 4 0@ phpaiessiun gcetate fy rﬁll@i@)ﬂndjéﬁl?dgmtar@lld hed et 100°C for 1.2
wet ness nethod. The pills were then dried at 1000C in
a fluid bed drier for 1.2 hours. The palladi um

[00111]T hﬁdmﬁme 4&!2\05%361@1 maBia] édnbiinih @ Paltaihirh Ynd eHddAGE hyBokides was
(%grt wi th H4 (1% in nitrogen) in the vapor phase
preparecms giedfin Exgnnledr sthe ppliagdiyry apdh ghodiin porfginipggupport was then

[ t
ctined FRTQR bl 1061 01 EBLUELRER Sl 190155 cpportre
The caldﬂﬁdd&sdppd’i‘t maferidi d)nh&ﬁingi paledivat addMeGiuholydtoddésosassthen reduced by
113] Exa A support material containin

contact%theéupm with CpHoé% iR TH{reBea inibs VaRey nhrss A5(FGr 5 hours. The
support g%ﬁ?ﬂn%%mlbﬂu%m&duﬁn elflﬁ V\BQ Jll?sggtgﬁ%l? %ﬂg%%%&%tg an aqueous

ng support was fien "éarers
solutionf(su n) wmwmngll 1 gandfromaAwD] wivertht inciydéntivadthegs aetlod! @he pills
om tenperat ure. The cal ci ned support materi

| . :
were subseaesyidgd f}‘alqoa@hl% mﬂawobefimaar 1 vgsc Deepalladivg, gipdivm, and
ol R 0 WP S 4 e s
at 150°G fop Sdrotursc dihalyrthe gatqdydt twead inapoe gurede lbmiﬁbipﬂnnirwteﬁiesmﬁh an aqueous
o TSR LSS0 0, AL 0 SRS S5 L 8 1

hours. acetate using the incipient wetness nethod. The pills
wer e subsequently dried at 1000C in a fluid bed drier
[00112]f oExdmgletfodr snpp{mb ﬁﬂalc#i]al Eontaipihg pallddreh ané rivdivtahpdrysitiys was

: eri | ] adi um et al wa
preparedecliRihe 18 Brp Buks. Thpwal S ahd iebin FaplE e Sibaprb A then
calcinedt 48@‘% fgr 20RR Lﬁfdlexnsgr {tHd Rkl (RIS nﬁﬁrall%@golstblrb&ﬁ temperature

spheres having a nom nal di aneter of density
The calafiedssioppdrt @otﬁﬁﬁmg/pailadmm and godpim hydrymdés wmmbs@;usﬂaf g

impregniied ) st heiion (Ebpieonapu . g A e Iphichhsine e

incipient WBmE&NAEBE. DYhd AL %@Tﬁeﬁﬁ&eﬁqomd ﬁh Dfuid bBl dBér BP1.2 hours.
aqueous sol ution of sodiumtetrachl oropal |l adi um ()

The pall@Naanmd)urs,wtnﬂlgoi@wcretﬂ@npccbme«bl by atrdeating tyy supporsfwith CoHs (1% in

nitroger&lgrg{ﬂg &é}%lér al l ﬂ 88‘!?’0 tS 11'8#31? :l)TImagly%hat c?alt ?stt WaH]n%prsegnggc{ tt>y
incipient wetness with an aqueous solution of 10g of potassium acetate in 81 ml H,O and dried in

a fluid bed drier at 100°C for 1.2 hours.

hours.

[00113] Example 6: A support material containing palladium and rhodium hydroxides was
prepared as described in Example 1. The palladium and rhodium containing support was then

calcined at 400°C for 2 hours under air and then allowed to naturally cool to room temperature.
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m nutes to ensure conplete absorption of the solution.
The palladiumwas then fixed to the support as
w@alsadiltom () hydroxi des by contacting the treBtBUS2004/039039
support by roto-imrersion for 2.5 hours at
approximately 5 rpmwith 283 nl of an aqueous sodi um
hydr oxi de sol ution prepared from50% w w NaOH H*O i n
an anount of 110% of that needed to convert the
palladiumto its hydroxi de. The solution was drai ned
fromthe treated support and the support was then
rinsed with deionized water and dried at 1000C in a
| Tk 1 84d
The caldhde SpRAETAISIR] odrPinide fallialif and e HPRRI I Pl @i reduced by
contacting the sappatiweb (5Hs Ol %ain mtrog@ﬂ imthe vepertpdiase atd 50°Qr§ hawrs. The

support Qg pIE A a0 Bl i) Wt ;R YRpY Rmbroiatp with an aqueous
solutionW81 ARPSontBAINGd. 1 gAeirbRARALO £aldebgiotdsSiuMeicBtartl dsBiaHe hfélplent

stand overni ght to ensure precipitation of the Au sal
wetnessteethdte Thegullsiwers snbwamﬂuelnefrhtel(m Clin aWaidebadttyie fyHl %/hours

[00114] h ed fg ’7t @ﬁ,?g %ét??gl t W ]gg}'% WF F%ﬁﬂttai@ag aa ugn metal was
preparecf lidJﬂoﬁoQ@dl“%r sufport ﬂlﬁteﬂlaﬁnﬁﬁl&ﬁ%unfrmw%ﬂ RFistNgTSud @Hémie KA-

cont ai ni ng support was then reduced by contacting the
160 silicsyspheres hapiinga Gxpinal dismpter off T moyehdensity ohaboutip569 pimlsia

absorptifliy SEARRN 03633 HEGHK Sieatit Miatihet 8% PRy, Mo 305 e, and a pore

volume 8P4Bdut 0168 @Ifll/ Gb&f ﬁ Hﬁﬂ@?ﬁi@ﬁl@ﬂtl\%n&%mﬁﬂh@@ﬁﬁﬂof an
dri.ed.- in a rier at 1000€ for-.1.2 hou

| ~aque0u5“sab1tlenp gwb\m twﬁ»b@mp@liadl@@ﬁﬂ% BN&PdCl) suffiient ta@rqwdet apout 7 -

grams of bl A1 brdher RS Enls o i ek 0 s or

- minutes &Reﬁsﬁf@éw@pléiafaﬁé on dkihé&h&l&ﬁTh@@élIhﬁiMW@ﬂﬁﬂ fixed to the
Support Exanpl es [00117] Exagl]ljl e 8. 40 g OhZr2

support emllféolm g0 iflep Py m&yctwa fc@w&edn%p@nt by stpdmmersian for 2.5

o g B TR ] T, SHALER 50 TR o

from 5 Of/@W/vﬁNhOHYHﬂ) $roi1n MASUNtoOR Eﬁ)"/giof ﬂlaﬂﬁeeﬂecgtow)‘ontrél'gtlbipﬁﬂﬁﬁlém to its
-zi.rconium acetate supplied by DKK (ZA-20) and: spraye
hydroxidg T, g\e solupon yas draied drogs the disatsd ﬁwomnﬂél@f §PPert was then rinsed

with dﬁ@bgd WL a.rg)&ﬁe?dat BG4S ineARd ﬁﬁé &858 { 9o TAE s lﬁ%gﬂ(;natenal
am nat1 on under m croscopée has shown uniforms
containifig patidivom hydrbkide Inas msmpmfgnﬁ%wmﬂ’nan[aqmg]solﬁuan(ﬂlenB
. .20 O 5, ,BET f 5
containip%%é&é ; %m Na15]{ 814 and 2.71g g(l)J 2 1\?2506H 2513’?101‘1 ?l 8 equlvalents w1th respect

to Au) using the incipient wetness method. The NaOH treated pills were allowed to stand

overnight to ensure precipitation of the Au salt to the insoluble hydroxide. The pills were
thoroughly washed with deionized water (~5 hours) to remove chloride ions and subsequently
dried at 100°C in a fluid bed drier for 1.2 hours. The palladium and gold containing support was
then reduced by contacting the support with C;H, (1% in nitrogen) in the vapor phase at 150°C
for 5 hours. Finally the catalyst was impregnated by incipient wetness with an aqueous solution
of 10g of potassium acetate in 81 ml H,O and dried in a fluid bed drier at 100°C for 1.2 hours.

Table 1 shows comparison CO; selectivity and activity for the catalyst of Examples 1 and 7.
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with Pd(NCG3)2 solution (Aldrich) to give Pd | oading of
39 ng/g of Zr2. Inpregnated material was dried and
w@ adosioea7 at 4500C for 4 h. The material was beCT/US2004/039039
mlled with 60 mM of D water for 4h, mxed with 11 g
of a binder (ZA-20) and sprayed onto 30 g of bentonite
KA- 160 spheres. The beads were cal ci ned at 4500C for
3h. This procedure results in formati on of a strong
uniformshell with 160 mmthi ckness. [00119] - Exanple
10: The beads from Exanple 8 were inpregnated with
sol ution of potassiumacetate to give |oading of 40 ng
[00115]K0q:%pg11 of KA-160, dried and cal cined at 3000C for 4
. After that the solution, containing 9.4 nmM
of Pd(from Pd(NHa"(OH) 2 s@@pSeledlvbly Her akujtyand 4.7
Examplei of Au (froma 1M sol ut9.e,m, Au(CHh "AlX38 di ssol ved
Examplé 7 (RefeMnkOChiay@® Sprayed pnip these beadsse Materi al
was reduced wi'th the mxture: 5% H2, 95 % N2 at 2000C
for 4 h. The beads were crushed and tested in fix bed

[00116]m dﬂ@rbcbﬁgmpm_rt Ewatieriescondi t i ons descri bed in the
section. COR selectivity of 6% at 459
100117lox§§ rgﬁf&som&c ée%sgmélbedl{ dali@]wasﬁﬂﬁw%atl 0°C for 3 h.

Resultlrgrg%p@ﬁ'ieg @1%? 2 BHTALY %&9 ared € n?h@ﬁltaféh)i Hﬁflﬁd V&ngb 28 ml of

was used as a re rence cata yst ere.
DI wate® foag odwd he solpeas mxad @OR 226 gecﬂf the bhydeland:oamtn agetage fupplied by

DKK (23570 GplayesBite 5 e o homonia Kot ba v i srpm. Conted

beads w%re%%lclr]ie%%% RIP6GdL E&Bﬁfn%ﬁ&@ ﬁﬁde@%x@ﬂoxgg)s hdd spbdrAudform shell

Zirconla Support Mterial and | oride Free
fonnatltﬁrwﬁhltmdmemdiﬁﬂ)eml[omm] The fol |l owi ng gener al

oor 1812, SEEBIH 0% ofPA0, LOAADS BF brien SRS E i it S8t enatea

with Pd&@)ﬂ)gkﬁuﬁ&?@ﬁ%&ﬁkéwé Pd @@d’d‘iﬂged't% MBE/E of ZHON afhp ge%ﬂated material

Zirconia support materials were suppli
was dnadmn@melcthBBWCafnm h(ZEIl@Oﬁzsmalwbaﬂ ahiNed witkioD mmlaaf DI water for

an, mixh BARA efta tondls AR EurbRPuRE bag g iAo K160 spheres

The beallSWERMARIRA o 8504TSfor Sh,"RHi{ SOEMSE deslfs ifi %Mﬁﬁbh ak b ¥trong uniform
wi'th an internediate drying step at 1100C an

shellmﬁpkﬁoonalthlykws h an intermedi ate cal ci nati on st ep) to

001191, B S5 Yol 3 P S oo

-+ acetate fo@ivebhdifig B840 mpISOAIRII Q9 RA-€60, dried and calcined at 300°C for 4 h. After
that the solution, containing 9.4 mM of Pd(from Pd(NH3)4(OH), supplied by Heraeus) and 4.7
mM of Au (from a 1 M solution, Au(OH); “Alfa” dissolved in 1.6 M KOH) was sprayed onto
these beads. Material was reduced with the mixture: 5% Hj, 95 % N, at 200°C for 4 h. The beads

were crushed and tested in fix bed micro reactor under conditions described in the experimental
section. CO; selectivity of ~ 6% at 45% oxygen conversion was achieved.

[00120] Example 11 (reference catalyst): The same catalyst prepared in Example 7 was used
as a reference catalyst here. Table 2 shows comparison CO; selectivity and activity for the
catalyst of Examples 9-11.

[00121] Table2
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with KOAc solution, dried at 1000C under N, and
screened in a 8x6 multi channel fixed bed reactor. A
wa@etoansan7 of Au(OH) 3 in KOH was used as the AUPCT/US2004/039039
precursor. Aqueous sol utions of Pd(NH3)4(CH) 2,
Pd( NH3) 2( NO2) 2, Pd(NH3) 4(NG3) 2 and Pd(NOG3) 2 were used
as the Pd precursors. [00124] A silica support
mat eri al catal yst reference was made as foll ows: A
support material containing palladiumand rhodi um
“netal was prepared as follows: The support material in
an anount of 250 ml consisting of Sud Chem e KA-160
silica spheres hay/splativpyieatitdi aneter of 7 nm a
Example nsity of about 0.569 gjpk, apgbsorptivity of about
E ] 268 g H2O' g support, ag rfalc area of about 160 to
xampe

ore vo out 0.68 m/g., was
Exampleg} lr(gfng‘?r%ﬁl:%?‘?é’f QS by mi E?ent tness with 8% 5 m of

an aqueous sol ut| on of ﬁodl um t ePt rachl or opaII adi um (H)

[00122] ( & poor AlY
[00123] ’@xnestﬂgg\gﬁp ggn?rﬁ eprgc 3} W.J.ls lg ed 9%‘ tl‘ﬁngltrslalt&f %ﬁ?moﬁg§ fl%ﬁfstupport

material t@éﬁﬁ'lp&t?%réa‘&?w z%%}qum@fvaﬁc%ls sﬁﬁ{iddltdlaﬁéyst ddrsierp a}ek@dushed\md
en fixe 0 e support, as adi u S
sieved. Ziycopisauapent mgtarials ware sppiied bbg{%ﬁm kﬁ%ﬁz%‘% @F}S?%f@ogg) DKK and
for 2.5 hour f
ML it sufippe 0348 Mer SBOIA IOt S E Ah Bloy o o
180—425%Wab&@p@§&té@ (eameresﬁmuhﬂaneoﬁsmaﬁgéqménttahpmmaadmdnnmlate drying
convert the g,al | adiumto_its hydr.oxide. e sol ution

step at 1156 andapriemalbiwith amiaterpediptedalsinption stepko 1%@6%?}5?55 with a Pd
~and Au P}f%%’b%h g&u{lbxp %@Hgﬂ%l&%a@ﬁfc@ 4F qid\g:teﬁ %1@@4%/1\1 g ?orﬁfatlon gas, post-

, our s e .support
1mpregnz{t8cl @itha& O Ao Bdlatich, dfedat! 108IC umlanir and sbecewiedsint2h8x6 multi channel

fixed bed:mta? ISR T R LY h%%@e%wmwws

wiaion Y. ENBLBR012 PRI LQBEln ) ko

Pdprecuh‘&ir@ al l owed to stand overnight to ensure
pitation of the Au s It to the

[00124] hyérs&saaagppormaﬁsmh catayst g TEREC RS FilP%ff gﬂg’a“mﬁtwpm material
'contamngﬁeje%a(fﬂhﬁlﬁg%mgr ut Jﬁetglqy%%)r éa?ecf SBMSWE R susdr RRSraNE an

sequen at 1 Ina fluird bed drier for
amount df%Oh@meswfﬁlrgaoﬁihidl CletinierKan toQsilick sphates haninga soppwd diameter of

S S v e T
area of aBGW1%0 571 ﬁ?Hzl;geélgﬁa v\ﬁ?&é dble OBkt REsEADAL %s ﬁb&t 1mpregnated by

I nci pi ent wet an aqueous sol utron (ﬁ
incipienfpettassiwith 8% &t oéan musdud soH2Onad doctiumédrachloaomllla gl

at 1000C foy 1,2 hour Befare.testin
NexP Iy o ST arioa o g sk A ppiyr. The
support Wis (ke {ZiBe 5A0E6H BF 5 hiRndLRIRsHR olpRAL absorption of the solution.
The palladium was then fixed to the support as palladium(II) hydroxides by contacting the treated

o
-
L_»-(I)

~
ﬂi

support by roto-immersion for 2.5 hours at approximately 5 rpm with 283 ml of an aqueous
sodium hydroxide solution prepared from 50% w/w NaOH/H,O in an amount of 110% of that
needed to convert the palladium to its hydroxide. The solution was drained from the treated

support and the support was then rinsed with deionized water and dried at 100°C in a fluid bed
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[00125] Catalyst libraries of arrays of 8 rows x 6
columms in glass vials were designed and a rack of 36
w@b@smeMdal s was nounted on a vortexer and agi PEr/E82004/039039
whi | e di spensing netal precursor sol utions using
Cavro(tmliquid dispensing robots. 0.4m of support
was used for each library elenent, for the glass vial
synthesis as well as |oaded to each reactor vessel.
[00126] KOAc loading is reported as granms KQOAc per
liter catalyst volume or as mmol KOAc on 0. 4nl
support. For the specification of Au | oading, the
e r :
drier fof ﬁ/h %ghfé é[‘EF: ngﬁ&%ﬁtgrﬁ'%tgrﬁsl’ gér(l:tﬁ?h aggm% peéee\gz.is}ﬁfn impregnated
with ansqwus solutbdnifad nfl) centaiaingdl 24 @ AarfmunNaAHCRdnd 8.7 g&60%0NaOH

solution (L RIS ¥ihisoreblh AWSEE) 18 Bien prsiest Moo Rbe NaOH

P
treated %ﬂlz @efésﬁl}%gvgrﬁ? Qthdc’) gv"g?xg%ﬁaté’tg Qfxlsélﬂ-% gréb@%i&d%fft?ﬂgg s&ailé Rit"the insoluble

hydroxiﬁé) | Thoanpitlg ertedhsrouﬁul? Svasledrwith déibnizaeater -5 hdusse rmeofove

chloridegéﬁg H ge%gf:r?t i&qﬂ@t E@% iR e%g He%g%q%%grﬁ ? h(éurﬁts he palladium
and gol® e&ﬁamﬁltg suﬁﬁfem &eﬁ ledfée &Btaeﬁﬁ’g e shﬁi@)?tfwi% @Eﬁl @% in

of appr oxi hat el selectivity was plotted
nitrogen) ép ﬁwapmy@@ne aidﬁO‘éCE &ir Srhouss. | Finallyrthe patalpss was impregnatediby

incipient 3R i 51 Bt BiPoat 1850y Br e AROF Il 1ok gnd dricdin

a fluid He@Idrief AFBIVDEC SHHMRRNurs. aBEMBFe toaiHV\he thAlysERIradhed @ndbieved. The
45% oxy%en conversion calculated fromthe T T ranp

sieved fractioe irr the isizs rasige 0O28G:42 en was vsedand oxygen conversi on
ct.ion.te

root2s1) o (¥l B E0 LTRSSl B BhBR et SRBERE b Wlianed and

rack of 3:@ gnays ¥iXls Has M&n&atoalamhex&md apitaed thl@diﬁlbéhls (S prétursor
produced p cat al yst vol une per at 45%

solutloné K58 Gageny éxqmdcﬁhsnegsmg bty P 4md pf '@moﬁm weed for egchdibrary

et B NS N T AU S

[00126]( DIKE@AJ: alRg ietepbBQGIsHarhOK er likeg catdly Et&ibﬁuﬁé 8astinol KOAc
42nm2/ g) were inmpregnated with 3 di fferent Pd sol utions

“on 0.4m{ gupmgt; (o0& the spedifieation of Audeading, theasiative, p.togmc ratlo of Au to Pd is

wepored BLEHS YL PR T TS B0 o

amountBBE@‘ih feactodiessdl). 5%2/ N2 formati on gas,
i npregnated with KOAc and dried at 1100C for 5h°
[001271Th é" hpdsbrA@ﬁlzg pyopocehyssH ederpparaturestpmpefam 4 fEE 1@ilogiein 5°C

1ncreme;1 S, at 4@6][(1@5%%1 %%t?ﬁk %ﬁ% l(\(/ang.%%?lﬁ(?o%\@}lu lé&)qu(sh%ggp‘;) space

Velocitytlﬁtleﬁnefdlaxelﬂs fotawing| floe) 58 secnt bENGRGeh, M. 9 & chaF O 8igen, 5.94
vessels. The Pd | oading was 14 ng Pd in 400ul ZrQ2
scem ofdjilylene gpd 3.38 agprebtsesiper minule of AgetisgApig through each of the 48 catalyst

vessels (all of which had an inner diameter of approximately 4 mm). CO, selectivity was plotted
versus oxygen conversion, a linear fit performed, and the calculated (interpolated in most cases)
CO; selectivity at 45% oxygen conversion reported in the performance summary tables below.
The temperature at 45% oxygen conversion calculated from the T ramp (linear fits of CO,

selectivity and oxygen conversion versus reaction temperature is also reported). The lower this
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reactor vessel for all library elenments. The Pd
precursors were Pd(NH3)2(Ng 2)2 in columms 1 and 4,
w@agosle)d{ OH) 2 in col unms 2 and 5, Pd(NH 3) 4( Ne&3i/RS1004/039039
colums 3 and 6. Au/Pd=0.3 in row 2 and row 5,
Au/Pd=0.6 in row 3, Au/Pd=0.9 in row 4, row 6 and row
7. The KOAc | oading was 114unol in rows 2, 3, 5 and
147umol in rows 4, 6, 7. The silica reference catal yst
was | oaded into Row 1. The library was screened using
the T ranp screening protocol at fixed SV. Screening
results are summari zed in Table 3 [00129] Table 3 CO2
latedabBpérathkd i b activit . ik @yilldBTY; g VA
el SR B AT B T3 R i i 9 S B
producedpiripial Y08 IRme pe )R 46700 yESRc@VIBRINAE @ N3yl e ROHE?

ducti o Zt;tgzcag'lwt 150.7 795 *Data shown is taken from
pro PR B Y0 Au/ Pd atomic ratios (nanely 0.3 and

[00128] O. BxarRle 123D0di b 2105 RArriér<R7Z BITB ¢5 318%/g hOQbBAEd)ma I 16052
13: 400ul OFZrQ2 carriers XZ1607 55n2/ g as supplied)
(precalciapd|atyG80B0Bh t¢ rwer hesurfaet area BFPOI 1) wese inwegnatggewith 3 different

surface area to 42np ipregnat i.f
pa sotusiift {15 %ipRhP Ratle BT 115 for SMRERAARRES Wit Rawos oorM Aw
stock soMEbIES SncisightOldifdls,alried 20 010°Cofor 4 réducad &t 330PQ FOOHRINEYLH,/N;

W th KAuO2 (0.97M Au_stock solution) to incipient
formatiopegen @os!-impregagted tvith KO &crpd depd atrldQife & e TheBdA WSO, samples

i, 5 . ' - . i

(shels) Yoy B e Vo SR 05t e BRI BRI RDALE L. gul
Pd/AwZkOheHellshd 88T dilien (4d0hlibed fikéd BedwdltimA4&0 charzed & the reactor

%grel oaded with 4OE/I, KOA\C%, i.e. 33. 3*ul Pd/ Au/ ZrQag .
vessels. Thg Bel {eedingiepsddang biel Q0w £rO3 siptl(pr 191a(40PT 18- 35 qme Pd in
o ; , enl ; fe o
reactor EEiet B bINEE Sy SRS e d 8ol B ke MARERLINORE T colymns 1 and
4, Pd(NT[ﬁf)‘;(O(H)L mvmiuéﬁisaoéfﬂ]? ggﬁtlzﬁ?‘é@%gin$omnﬁlls @l amfito. IAaiVFEd=®f3hin row 2

i brar and Zr O XZ| 6052 5 in colums 4- right

and row ﬁagf‘/%&%/:z)ﬁi IBFQW vy AWFHE0Rdn Y4 di wegy ard oy M%&‘Sﬁc Rse was

J I r x = 2 : '
t14umolinht 2% s I BT REA ¥ T EPrICR 5o R et s oaded
into Rowe o] Threrlitarfy vedls IssreBed @sing thOT mympscreenididfirotocdl DFixet SM.
S .h%or. 0*33/400=10/ 12 ag;g d in reactor vessel) in colum
Screening reqults pee SHMEgrized fiTable dnm 4 (cells A4-&4); 14 ngy Pd
[00129]i ne4R0yl- Zr2 shel | (or 14*33/400=14/12 ng Pd in

--"reactor vessel) in colum 2 (cells B2-F2) and colum 5

CO; Selectivity Temp at STY
Cl Precursors on SiO; 7.37 156.6 729
Pd(NH,4),(OH), on ZrO, 5.79 152.4 787
Pd(NH3)4(NO3), on ZrO, 5.90 152.3 783
PA(NH3),(NO,), on ZrO, 5.57 150.7 795

*Data shown is taken from average of two Au/Pd atomic ratios (namely 0.3 and 0.6) and two
different ZrO, supports.

[00130] Example 13: 400ul of ZrO, carriers XZ16075 (55m?/g as supplied) and XZ16052
(precalcined at 650°C/2h to lower the surface area to 42m?/g) were impregnated with
Pd(NH3)4(OH), (1.117M Pd stock solution) to incipient wetness, calcined at 350°C for 4h in air,
impregnated with KAuO, (0.97M Au stock solution) to incipient wetness, dried at 110°C for 5h,

reduced at 350°C for 4h in 5%H,/N, formation gas, post-impregnated with KOAc and dried at
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(cells B5-F5). Au/Pd=0.3 in row 2 and row 5, Au/Pd=0.5
inrow 3 and row 6, Au/Pd=0.7 in row 4 and row 7

w@ eooseptiorel |s Al, A4, &R, G where Au/ Pd was BCBYS20041@39039
KQAc | oadi ng was 114unol (except cells D3, &3, D6, G6
-where KOAc | oading was 147unol ). The silica reference
catal yst was | oaded into Row 1. The library was
screened using the T ranp screening protocol at fixed
SV. Screening results are summari zed in Tabl e 4.
[00131] Table 4 CO2 Sel ectivity Tenp at 45% Conv STY
Au/ Pd Atomic Ratio 0.3 0.5 0.7 0.3 0.50.7 0.3 0.50.7

110°C foelsh PTRe Rd/2arBrO3 Raibp el (sheld) were then dBdted 1/12-willRA3 60 diluter

Zr2: XZ16052 6.06 5.31 5.38 153.7 152, 3 154 9 776.8

(preloadigolo B O As). o 35S Erargratings st 1661 et Q0! tota
7 - -

sl P850 R SISy

composifl@3-wizs asrfolldessirOy XIZ16883 il colymmsel -§ Glefirimmlf4T Sibtaryg), anBEZTO2

zieos SRS R e e PR G A P08 o

Zr0;, sheZ'lg(gf) ﬁ*B@ﬂb@LWfZ@g 5%51?9&0{0? QLB $n dell @2, coBRRPE (cells B3-G3), cell

ums 3-4 colums 5-6) in air, inpregnated
GS5, columint 6(cEUSUBR-GHYyl 1 g Rd (p#elhhZe@, thell (orsKB¥B KoM Wi Amedidon

e A LSO TG O g papn
shell (or ?’E%ﬁ/@é—q 489 |ng% Ii’&’ﬁr reddi6r \lzeis&'l)"’lhléoﬁﬁﬁl KR¥B2 903 dh€Edlumn 5

m25 to 50 inrow?2 torow?7. The Pd | oadin )
(cells BsaRHuAuLdE0.31n Sowg 2Rdd oow 0, AnfPdshpporaw 3 g ra Hf An@de0.Adn row

4 and roy gxeeqc oot il Bk ieC5 igte P g 05 HER OBp i, Y
114umoC@k&pY &l1s W% G30BEEA6 whefOAC 1ddignd way ThelsiRaeeference

using the Tranp screening protocol in MCFB48 VA |
catalyst wesloaded into Raw édTIg\librayrvas stiegnedasinigttbe B ramp sergening pgtocol at

in.Table 5. .100133] Table Selectivity Tenp at
fxed SV, SR TS A PRI UTHICS: & 9701 154 7 74

[00131] PATA¥BY2 onZrQ2 6.10 145.3 775 *Data shown is taken

fTom aver cl?%gjéTS’e Byt [PEe@b AL 8, Gl 0P (Namegpy 0. 5
AwPd AlgmicRatlg T 03805 17| 05 o S T 0.7 03°% 031 0.7

C1 Precursors on S5i0, | 6.98| -~ | - .| 154.8 742.8

Zr0,: XZ16052 6.06 | 5.31 | 5.38 | 153.7 | 152.3 | 154.9 | 776.8 | 806.0 | 803.0

ZrO,: XZ16075 6.18 | 5.62 | 5.71 | 147.5 [ 151.0 | 154.4 | 773.8 | 791.6 | 790.3

[00132] Example 14: ZrO2 carrier (supplied by NorPro, XZ16075, sieve fraction 180-425um,
density 1.15g/ml, pore volume 475ul/g, BET surface area 55m?2/g) was impregnated with
Pd(NO3)2 precursor solution to incipient wetness, dried at 110°C, calcined at 250°C (columns 1-
2), 350°C (columns 3-4), 450°C (columns 5-6) in air, impregnated with KAuO, solution
(prepared by dissolution of Au(OH); in KOH), dried at 110°C, reduced with 5%H,/N; formation
gas at 350°C for 4h, and post-impregnated with KOAc solution. The library has a KOAc gradient
from 25 to 50g/1 in row 2 to row 7. The Pd loading amounts to 1.5mg Pd on 0.4ml support. Two
different Au loadings were chosen (Au/Pd=0.5 in columns 1, 3, 5 and Au/Pd=0.7 in columns 2,

4, 6). The silica reference catalyst was loaded in row 1. The library was screened using the T

33



[00134] Exanple 15: ZrO2 carrier (supplied by NorPro,
XZ16075, sieve fraction 180-425um density 1.15g/n,
w@eros/ogabunme 575ul / g, BET surface area 55n2/ g) PGEES2004/039039
i npregnated with Pd(NO3)2 precursor solution to
I nci pient wetness, dried at 1100C, calcined at 4500C
inair, inpregnated with KAuO sol ution (prepared by
di ssolution of Au(OHb in KOH), dried at H Q0C, reduced
with 5%12/ N2 formation gas at 2000C (col unmms 1-2),
3000C (colums 3-4), or 4000C (colums 5-6), and
post -i npregnated with KOAc solution. The library has a
ramp scréofe goadoldnMCFBA3 VA teactdiOn fixed BVr Bore2ning resmivs @re stitinarized
Pd | oading amounts to 1.5mg Pd on 0.4nl support. Two
in Table g f f or ent Au | oadi ngs were chosen (Au/Pd*O.S in
[00133] o* 1, 3, 5 and Au/Pd=0.7 in colums 2, 4, 6). The
I ca reference catalyst was |oaded in ro . The

library wa€Seoberieily i nTékp S WBonead¢tSAY usijng the T

Cl Precufsaf§onSSiOs€7ia1g protoco| 157 fi xed SV. $gsgeni ng results

PA(NO3 2 dn AT '621‘%)0 'n Tabl E1453100135] Tallhes6

s A g o S A TR 09 o
KOAc, caltination 8t 450R€Narfdrrodictive ae®®°0f two Au/ Pd atomic ratios
5 and 0,7) at_ 40g/L KOAc, calcipation, at

[00134] ELs@sﬁ@plaha ZrEM Gewrieh uamheédxy@@ﬂ’{f’@é%é? 3 sieyp frpctipn 180-425um,
t

sy DAL 1820 RS S AP

Pd(NO3)2 1sedu@dor sﬁlﬁtf@@ttﬁlﬂblpmnt weinpss, diied d1d 1090) chlicmed ab450°C in air,

impregnpaih Sk BRSO OB ASNEH PE SOED S BRDer Rbh, A
110°C, rga%w /ekg%/ﬁl kor&%u&bga%gn geone@éﬁmﬁ@%-z) Undoeegcattimh§9-4), or

nmensi ons ries of 'the various
400°C (cbhrrmst 5&6)3 andipqmt-mhpnbgiﬁecbwnh KCAnsilutiont FhelBbratyohdse KOAc

exadicnt Gt 01498 L £ 4R T3t & Do Rl Rgis i T okl
support. % ShifPenCAR l&ﬁn‘%ﬁ WG RY(AR/10DP B oM 12868l and AwPd=0.7

tructure or st ternatlvely, a single i nt egr at ed
in columsm rzut,ta)r'ﬁxenmh@treiermmg batalyss vehis\oaded ini rovol . s Epalilrary was screened

nvcrB eGP RRS e 2 2SRk PR 9 oo et e

smargg?&rrrgg |n the context of only one of the
[Tustrated enmbodi nents, such feature may be combi ned

[00135] wi THblefe or nore other features of ot her enbodi nents,

fAr anvy Al van annl @ ~a4 1 [ I | al an a ” :
—-oF—ahy—¢ghve P Ccat+ofh—t—Whi SO e—apPptraci at ed
fromthe 2 gt XA ) Egye
Cl Precursors on SiO; 7.11 154.2 738

PA(NO3)2 on ZrO2 5.51 145.4 797

*Data shown is taken from average of two Au/Pd atomic ratios (namely 0.5 and 0.7) at 40g/L.
KOAc, calcination at 450°C, and reduction at 400°C.

[00136] It will be further appreciated that functions or structures of a plurality of components
or steps may be combined into a single component or step, or the functions or structures of one
step or component may be split among plural steps or components. The present invention
contemplates all of these combinations. Unless stated otherwise, dimensions and geometries of

the various structures depicted herein are not intended to be restrictive of the invention, and other
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structures herein and the operation thereof also
constitute nethods in accordance with the present
wo pwsositon. [ 00137] The expl anations and il | usPCBUSIINE039039
presented herein are intended to acquai nt others
skilled in the art with the invention, its principles,
and its practical application. Those skilled in the
art may adapt and apply the invention in its nunerous
forms, as maybe best suited to the requirenents of a
particul ar use. Accordingly, the specific enbodi nents
of the present invention as set forth are not intended
dimensi@s 0P biHetEi¥N A Pbbsifle.OPlukd] Rirfidtiel &mpdients BY Si8pd & be Pa6vided by
scope of the invention should, therefore, be
a single Huegsated sicubturoor Hep. m&maéwehc@Sltlg»letlmtegra@d\sé'ucmre or step might be

aivided PEFEpaRle A Pato SRl o mhPE RIS, PRE R ol
inventiof &R a0é b&iey@!HRA irSthe QoitbXi®T 0B lyThe ©f ﬁidIﬂus’tfa@ed embodiments,
entitled. The disclosures of all articles an
such feafuse mag he eambingd Withiong opaoemetherfpatiies of ether %mbpdlments, for any
given apgﬂpzlt 8@2@ kx@@%ﬁ) B Elpﬁl?&g{gg %roﬁqtﬁg a&%‘/e tﬁa(t %egﬂﬁgc%%gl a(l)t?ltt} ylg}lque
structuré3'hefirtatitha byé‘rhn@tmhtaﬁbf lsd EunsHtusd lﬁéthﬁ@ inracédi@ance with the present
production of al kenyl al kanoates, conprising:
lnv'entlol‘!ontactlng pal | adi um and gol d precursors to a zirconia
co
[00137] ?fx@%@l%&%?fésg@i?g}g}&ﬁahg% O;%ljesenféaqlefegxg!rﬁ‘é éx[[\‘,gn&etd tl) %@cﬁ}anft Iaﬁmrs

skilled 1@ thel arowie the iheentiog, id privoipla, mmlntsqumtmgl @pnmrcm Those skilled in
erial. 2. The nethod of claim

wher ei
the art Hﬂy@éem.aa PRIy ARenKENLon HH s RURPUS é&ﬁs’tﬁé@%{q@@fv‘%ﬁ‘}ﬂ?‘é@éhe
. f
roquirenfE b {9/ paREAIE e ROl 00 PR ANAARS BF hd prefent nvenion
as set forth eOmut éntemtetd as being eshyppiivetortimiiting of thh aB/eﬂth)mrIﬂ)ieGb@e of the

size of between 5 mm and abgout 10 mm _.4.  The nethod
inventiog should, thgioR ¢ dgtermingd ARl Wb PIce ﬁ@ thegPeY iSRS But should

instead 15%0({& tggég vk fé@&bl?cqu [Heaaggéf‘d?lgd i) eé) al 3@%&&{ #h@'sull &og? of

on-reduci ng at nosphere ore t uci ng step
equlvale'ﬁtseo etidhomich tlaany arefentitlad. he d}sc‘llpsunb‘sewf@illrarhctiﬁ and references,

cont act i ste I Ses | egnat i rconj a -
including Ghtea 4P RGP CuTp BB DUiGE G cte BICOTORP RETRTP RIS R rposes.

precursors. 6. The method of any of clainms 1-5,

wherein the inpregnating step conprises sequentially

I mpregnating pall adium and gold precursors onto the

zirconia containing support material. 7. The nmethod of

any of clainms 1-6, wherein the calcining step occurs

before the
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I mpregnation of the gold precursor. 8. The nethod of
any of clains 1-7, further conprising at |east one
wo Roosogiistep utilizing a fixing agent. 9. The PEI/Dsm00639039

any of clainms 1-8, wherein the reducing step occurs
before the inpregnating of the gold precursor. 10. The
nmet hod of any of clains 1-9, wherein the inpregnating
step conprises coi npregnating pal | adi um and gol d
precursors. 11. The nethod of any of clainms 1-10,
wherein the inpregnating step conprises inpregnating
the zirconia containing support material wth water

We Clamwml ubl e, substantially chloride free precursor
sol utions. 12. The nmethod of any of clains 1-11,
wherein the substantially chloride free precursors of
RahdtReH SIPrE@iRid SEatdit MFBre2aii) uitabI(IFEMStihg # the production of
Pd( NH3) 4('NGB) 2, Pd( )2, Pd(NH3)4(0Ac) 2, Pd(%\IH

alkenyl glkaia@tes) Qmpriki@c) 2 i n KOH or NMe4OH or NaOH,

et Pk an® Bal Rss b R 1R o Hsbort R R b S mpterial and
tafcifg PsleaR a'll){diﬁﬂﬁgédu%r by esntivtRg Wrs@ickngdnvEBhslent to the
conprise KAUOZ, NaAuO2, NMe4Au®2, Au(OAc)3 1 nKOH or

zirconiaNioBIAIHNG FYRPON@BJtaridln nitric acid or combi nations

ereef .. 14..The th of any. of .cl aj - . ej
I T R e e
surface dieh 6 BétveER MU Binifly sidRPOGt3008k2si al wi th chloride
contalnlng precursor solutions and followng b

a
3.  Thsmathod oépithes slpitns | ag2.fwhareiy tha 4iwoaiafcr’;aﬁahvg719&§%a@r.t mptprial has a

. f f ' 1-14, wherein the
- pam(.’!eE%gtégg%tp’%g?gt’*ggadua%toﬁ@r%ri ses contacting a third
4, - Themeimon bf piyeefulsinns 1-3| Gurthbh eofiplidinglcAiéinmatho©fontdctddirconia
“1-15, wherein the third conponent precursor c¢onprises

containipg sypporiNpatenial inpjnonreducipg afgposphgre before the redypingstep. | n
5. Teaog e ap Ve 1 PO B 00 s g

zirconisSdoRprii DFPUppdEIngerid] adth pafladitrd anbigotll mreeqranrent and
Eal ladiumin a third conponent .to pall|adi um atopnc )
6. b metherl of aryefilaims o, Vetpin B dMREENRING Siep cpIprifpRsequentially

| 1mpregﬁ§iﬁ¥61€9gl(l)agl%%rlﬁ§}ef% g{;}lg%%%hgﬁ{shjoygthe WhESHA Porlthifing b dd Rrerial, -
7. The method of any of claims 1-6, wherein the calcining step occurs before the -
impregnation of the gold precursor.
8. The method of any of claims 1-7, further comprising at least one fixing step utilizing a
fixing agent.
9. The method of any of claims 1-8, wherein the reducing step occurs before the
impregnating of the gold precursor.
10.  The method of any of claims 1-9, wherein the impregnating step comprises co-
impregnating palladium and gold precursors.
11.  The method of any of claims 1-10, wherein the impregnating step comprises

impregnating the zirconia containing support material with water soluble, substantially chloride

free precursor solutions.
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contacted zirconia containing support material at a

t enper at ure bet ween about 2000C and about 7000C. 19.
wab@swetibopd of any of clains 1-18, wherein theP@l/US04/639039

contai ni ng support material conprises a |ayered

support material. 20. The nethod of any of clains

1-19, wherein the |ayered support material conprises

an outer layer with a thickness of between about 5 and

about 300 mcrons. 21. The nethod of any of clains

1-20, further conprising contacting an al kali netal

acetate to the zirconia containing support nmaterial.

12.  2Re mERRABELAPEr QhinANY1 Qiwhetel B sxlbs@éntlal’}? @ﬁl@h@e f‘r&eprecursors of
al kali netal” acetate is potassium aceta

palladiyre coroprissfPUNYI: p(N@1)a |P|d§\IH3)2(@H)NPeiﬂéHm)4@an)p d?d@i@z)um

pecn 5685 pUAESSERL HOKH RSSO E IR cico,

palladnﬂﬂéxélﬁte@k@bxﬁﬁlnlu&fs,théﬁﬁffr ein the contacting step
onpri ses contacting between about 1 to about 10 grans

13. Ehe mthomf any obglaimstol R, whesin e aphntantially ghlaride Gée procursors of

eotd oo it k0w ek T e OO TRl o BB gRa g0 i

nitric af@ bt esdhbifatios thetéu. met hod of any of clains 1-24,
wherein the atomc ratio of gold to palladiumis
14. ke msthed o gny ofclsimsdnt, abetein the@opregpatingsepronpsiesf

sl 8ol ARG R 6 S6PE haE cr

soluuomcalna felasvaihy By acﬁrxuigrseepmhqirmﬁltg fixaup WiIh a\BXidgeagent. aI yst
' or -pre-cataly or an ail-throughout catal yst or-

. phemethod|of apy ofzdalmﬁﬂel 4rtheesin the captpctie siepaluthercopprises
: I the nethod result in a shell
‘contactfﬂg%tﬁ!r&‘%&ﬁﬁox&h? c%‘?g ryst the shell results froma
16. - ﬂ‘hg/&k&!d»d&lﬁ pﬂpﬁf clamiselr 15 whefelty th ¢liitd cdmepdnehtqsreauirsod ﬂomprises W,
shell formtjon. 28, The nethod of a

Ni, Nb, G 1Y 346, Qi B Conghdhein, CHaGorHir i AIdsopDintans thercof.
17. "f‘ﬂ@i{'ﬂet}éd%@% Qpéﬁlg%qol M@%Fl‘?the 28nt %O@Hrﬁr@& dfacting the

catal yzi ng t e production an al
third compnpent sand galladien ircothie coopbadnt mmp;alhdmpoatbmmataao iofibetween about

t_ | east palladium and gold contacted thereon to
001 an&%l?qﬂtg Scatal yst or pre-catalyst.

18. © .The method of any of claims 1-17, wherein the calcining step comprises heating the

. contacted zirconia containing support material at a temperature between about 200°C and about
700°C.

19.  The method of any of cléims 1-18, wherein the zirconia confaim'ng support material
comprises a layered support material.

20.  The method of any of claims 1-19, wherein the layered support material comprises an
outer layer with a thickness of between about 5 and about 300 microns.

21.  The method of any of claims 1-20, further comprising contacting an alkali metal acetate
to the zirconia containing support material.

22.  The method of any of claims 1-21, wherein the alkali metal acetate is potassium acetate.
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30. The conposition of claim29, wherein the zirconia
contai ni ng support material conprises a | ayered
waemppostiomat erial . 31. 2930The conposition of BemUSL004/039039
claims 29-31, wherein the palladiumand gold have been
cal cined. 32. The conposition of any of clains 29-32,
wherein the pall adium and gol d have been reduced. 33.
The conposition of any of clains 29-33, wherein the
gol d has not been cal ci ned before being reduced. 34.
"The conposition of any of claim29-33, wherein the
gol d has not been reduced. 35. The conposition of any

23.  Tob nftiRd oY 2k oBdlaim¥IesE iheldi t]ﬁgfoﬁiséﬁﬁin Retaly i€ pfedbritlity 4 amount
conprises a third conponent The conposition of

ofbetwegmg,bqyt 1@B@dﬁ%glzgls$’§f1ﬁﬁh@ﬁ®m}’sthe third conponent is

24. %dc:fr?tl?'ﬁ}‘&{i 31 %%'t%ﬂéfé”}n f_:gi,r?l c’oé %%St%%%m;%stes contactlng
between hb@ft aab abeut- IO-&ﬁnﬁ&ﬂﬂéﬂﬁdtﬁmO ihddboanNy.5 @ alsdudil Ugra%%-c;-’f@old per

wherein the third comt))onent to palladiumatomc ratio
liter of cejplyple Wil die et 0b2ald being figbrhoublGto dwut T3ewt % based on the

. jtion of any of clains 29-37, wherein the
we1ghtog§{[§?§isn{x. or pre-catalyst conprises between about 1 to
25.  TabewthodbfGha o claimydial4, arhieddth ti@nudoraieautio 6f gold @ padadiumlie

ans of gold per liter of catalyst, with the anount
between@boﬁ@tqpa@g ahgutf-Un about 10 to about 125wt % based on

26. T‘hlg ?ne‘fﬁdcgcgtagg bof gl%lnksafjby he?’ectn thﬁrw%pg %m%éth%'{egﬁglt AWsHll

al ns YEInt cata re-ca

catalyst &‘tqm‘}batﬁﬁlst, amegd yoik t:atﬂ?ﬁtaalr pmﬁtaﬂyse arddge vﬂfﬁ'fe oatalmbsn premtalyst
: any of clains 29-39, wherein the alkali netal -
,\°fanau§€'@t‘§t°é‘tP%alpjﬁtoéﬁg‘?r?j‘ﬁ%llé‘-‘&et ate. 41. The conp05|t| on of

TR Yo B gﬁf ?:l%lmAsol-Z eFdifl e WerRQ étﬂb@fe%l@ﬁlea dRi
present n an anount et ween out and :
- catalyst ¢rq1re—lcathlyst tife shell mbtylmfrontia layEleed suppm't)matenah phjmmhyhedifformatlon
29-4 1, wherein the catal yst or pre-catalyst
°r°hem18%}r?b&?§‘§§‘ago%hell catal yst or pre-catal yst, an egg

28,  THEhkotci & gtgf Olhinky 229,314k the ABH RAThMRLESR beR¥Rh ¥Bdut 5 and

or precata
about 300 mlcrons

29. -~ A compos1t10n for catalyzmg the production of an alkenyl alkanoates, comprising:

a zirconia containing support material with at least palladium and gold contacted thereon

... to form a catalyst or pre-catalyst.

30.  The composition of claim 29, wherein the zirconia containing support material comprises
a layered support material.

31.  2930The composition of any of claims 29-31, wherein the palladium and gold have been
calcined.

32.  The composition of any of claims 29-32, wherein the palladium and gold have been
reduced.

33, The composition of any of claims 29-33, wherein the gold has not been calcined before
being reduced.

34.  The composition of any of claim 29-33, wherein the gold has not been reduced.
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or an ail-throughout catalyst or pre-catalyst. 43. The
conposition of any of clains 29-42, wherein the
wa@Roosoeila7 support material conprises particl e BUPpSI004/039039
material or a ground support material. 44. A nethod of
produci ng al kenyl al kanoates, conprising: contacting a
feed conprising an al kene, an al kanoic acid and an
oxi dizer to a catalyst or pre-catal yst conprising
pal | adi um and gol d on a zirconia containing support
material. 45. The nethod of claim44, wherein the
al kene is ethylene, the al kanoic acid is acetic acid
35.  ‘Hincconkp®sitdoh O &@f ofi cSaiml 203y eHereRnthetathlys of pse-fdalystRE6mprises a
) nmet hod of either clainms 44 or 45, wherein the catalyst
third coggporgng_ cat al yst conprises a third conponent. 47. The

) : ) e o
56, R oSS, B gt i o
W, Ni, M, TaCRj, ZreY, K& Os{Be, Cii) Col An, IR Sn, G2, GEeRh,Rba arfdoatbinations
conbi nations thereof. 48. The nmethod of any of clains
therf’Of‘M,- 47, wherein the catal yst or pre-catal yst conprises
j ll-ad] [ 1] .
3. Thd QniosROTRPARE s B3 o0k S e hifglohipof o BATium
atomic rato of bdwben atout TOEambitontd0.6f any of cl ai ms 44- 48,
erein the catalyst or _pre-catal yst conprises hetween
38. ﬁgoﬁﬂn SiHgn gh g ot 195 21 7o‘rvﬁifa1n|t RIF 2Ry StOR Areagatalyst gomprises
t j al '
between dboBOPH abblk Qf%rgi;ﬁa ef;%ﬁﬁh )Ghd 51'6%11‘3 tb% aﬁﬁt%%%mi%éé\}g per

_ t he anmount of Ing froma to a
liter of cpgallyss evdltiothe tmountaif ghld beingofadth aboutit0 t&about 125 wme&hbabed bn the

. 't 3.n %{i claims 44-49, wherein the zirconia containing
fwmgh"&%ﬂ ¥Pmterial conprises a |l ayered support naterial

39.° . e colipsitBh BOshyUf cBiiths 99-38] @héiBindfts cllalyoe bR-Gutd1P& comprises an

. zirconia contai'ning support material conprises-silica,
alkali mefalizdietate. silica-alumina, titania, niobia, silicates,

| umi nosi.icates i.ta s,,.spinel,. . silicon rbi de, .
0. BhetBuiRSlion BT HE OreliBEAS Gr Wt Podbe Wl piol pocidl A acTissium
acetate. et al s, gl asses, quartz, pum ce, zeolites,
non-zeolitic nol ecul ar sieves, or combinati ons

41.  TFheaoswositign of Fyeofiekaime 3990, whgreinfthe petassima dcefatd js present in an

wherein the catalyst or pre-catalyst is a shel
amount @ eatﬁ yst ngPt gfaél%c@t%f?y% lgﬁr ogﬁﬁta 8{’ k catal yst or
42.  THeeotipositiys bf arSAd chiiht 29-22] whetsin tRE cd@:!il?st @R pRLdkdlyst @bmprises a

an all throughout catalyst or pre-catalyst."

shell catalyst or pre-catalyst, an egg yolk catalyst or pre-catalyst, an egg white catalyst or pre-
catalyst, or an all-throughout catalyst or pre-catalyst.
43.  The composition of any of claims 29-42, wherein the zirconia support material comprises
particle support material or a ground support material.
44. A method of producing alkenyl alkanoates, comprising:

contacting a feed comprising an alkene, an alkanoic acid and an oxidizer to a catalyst or
pre-catalyst comprising palladium and gold on a zirconia containing support material.

45, The method of claim 44, wherein the alkene is ethylene, the alkanoic acid is acetic acid

and the oxidizer is an oxygen containing gas.
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46.  The method of either claims 44 or 45, wherein the catalyst or pre-catalyst comprises a
third component.

47. The method of any of claims 44-46, wherein the third component is selected from W, Ni,
Nb, Ta, Ti, Zr, Y, Re, Os, Fe, Cu, Co, Zn, In, Sn, Ce, Ge, Rh, Ga and combinations thereof.

48.  The method of any of claims 44-47, wherein the catalyst or pre-catalyst comprises a third
component and palladium in a third component to palladium atomic ratio of between about 0.01
and about 0.5.

49.  The method of any of claims 44-48, wherein the catalyst or pre-catalyst comprises
between about 1 to about 10 grams of palladium, and about 0.5 to about 10 grams of gold per
liter of catalyst, with the amount of gold being from about 10 to about 125 wt % based on the

- weight of palladium.

50, ‘The method of any of claims 44-49, wherein the zirconia contaiﬁing support material
| comprises.a layered support material.

51.  The method of any of claims 44-50, wherein the zirconia containing support material
comprises silica, alumina, silica-alumina, titania, niobia, silicates, aluminosilicates, titanates,

spinel, silicon carbide, silicon nitride, carbon, steatite, bentonite, clays, metals, glasses, quartz,

"< pumice, zeolites, non-zeolitic molecular sieves, or combinations thereof.

52, | The method k_)f any of claims 44-51, wherein the catalyst or pre-catalyst is a shell catalyst
. or pre-catalyst, an egg yolk catalyst or pre-catalyst, egg white catalyst or pre-catalyst, or an all

throughout catalyst or pre-catalyst.
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